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I. INI'RODUGriON 
The replacing of hand tools by power driven machines in industry 
which occurred around 1760 in England and subsequently was carried to the 
United States is well known as the Industrial Revolution. Whether 
correctly used or not, automation is the more modern term applied to this 
activity. Until recently the application of automatic processes was 
principally confined to industrial functions; not a great deal was done 
to mechanize any aspect of the administrative activity. With the advent 
of electricity and electronics, the mechanization of administrative con-
trol and planning is becoming a reality. Not only have management tools 
been improved, but new concepts of administration continue to be devel-
oped. While this management or administrative revolution may not be as 
immediately dramatic as the Industrial Revolution, the effects and results 
are, and continue to be, significant. The ultimate marriage of the 
mechanized factory or industrial process with the mechanized management 
tools is hopefully anticipated. 
Electronic data processing is in its infancy; there is a 
shortage of adequate usable information about what it is, what to expect 
from it, what not to expect from it, and how to install and use it 
effectively. Intelligence is forthcoming, however, for, even though it 
is a young industry, it is a very active one. As more and more experience 
is gained, more and more knowledge will be compiled and disseminated. 
This must be done by people who are conscious of the need for this type 
of data and who are willing to organize, correlate, integrate, and share 
their experiences - - successful and unsuccessful - - in order that these 
experiences may be built upon by others. 
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It is the purpose of this study to consider the automatization 
of certain administrative fUnctions. Since the scope of this subject is 
too extensive to permit adequate coverage in an investigation of the type 
to be undertaken, the writer has elected to concentrate on a particular 
aspect of the movement toward management automation: system development 
and its effect on management in planning for the use of electronic data 
processing equipment. 
The efficient use of electronic data processing requires, in 
most cases, rather extensive revision of the present ways of obtaining 
meaningful data for planning and control purposes and involves many new 
concepts relative to the administrative decision-making process. These 
factors often have a profound effect on the present company personality. 
It is the primary function of this thesis to explore these avenues. 
This study is oriented toward the point of view of the operating 
or functional management rather than toward top management. Particular 
emphasis is placed on the problems confronting the individual responsible 
for the installation of the EDP system. Even though top management con-
siderations are of importance, a distinct void exists in terms of the 
implications on middle management of developing a new or modifying a 
current system. 
The paper is divided into three principal parts: the first is 
devoted to an explanation and clarification of terms and concepts currently 
in common use in data processing but often used without precision; the 
second explores the theoretical aspects of an electronic data processing 
system; and the last considers a procedural approach to electronic data 
processing system construction. 
II. DEFINITION OF TERM3 AND CONCEP.rS 
Introduction 
With the rapid growth of the electronic data processing industry 
has come a number of new words and phrases and new meanings for words and 
phrases already in use. Often these are used indiscriminately and as a 
result confusion is created; a fundamental principle of communication, 
understanding, is not upheld. Communication is the transference of meaning 
from one individual to another, with the meaning perceived by the recipient 
being identical to that imparted by the originator. The difficulty is 
that each participant approaches the communication environment with a 
different set of preconceived ideas and interpretations. These are 
integrated, often unknowingly, into the communication stream and tend to 
influence, materially in many instances, not only what is said, but also 
what is heard. Although it is impossible to eliminate entirely these 
differences (indeed, such elimination would stifle individuality and the 
healthy exchange of differing viewpoints), certain common denominators 
with reference to the meaning of terms are essential. It is the purpose 
of this section to establish these common denominators for some of the 
concepts presently in use in the electronic data processing field. 
Data Processing, Automatic Data Processing, Electronic Data Processing 
It is important to distinguish among data processing, automatic 
data processing, and electronic data processing. 
Data processing is the broad, widely inclusive term used to 
describe the process of gathering data; manipulating data, (integrating, 
arranging, selecting, retaining, and purging); and presenting data in 
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meaningful form (information) to company management. The structural 
device for accomplishing this purpose is called a data processing system. 
Data gathering encompasses three activities: data collection, 
1 data conversion, and data verification. Data collection bas the function 
of capturing the facts pertaining to an event at the time that they are 
available and as close to the point of origin as possible. Later proc-
essing may occur. Data conversion is the translation of data from one 
form to another to make the data adaptable to further transmission or 
to processing. Typically, raw data is recorded in the form of hand-
written or typewritten documents. In a manual data processing system 
this basic data can be adequately handled in this form, but the use of 
present day mechanical equipment requires that the handwritten or typed 
data be converted into a different medium. The equipment involved may 
be either communications equipment, such as teletype that requires 
punched paper tape or transceiver that calls for punched cards, or it 
may be processing equipment (e.g., a computer) that accepts either. The 
data processing system may even involve the use of both types of equip-
ment, which would mean that a number of conversion stages are perhaps 
necessary. Currently, work is being done to reduce the impact of the 
necessity to convert data to a form suitable for machine processing. 
Equipment that can read documents imprinted with characters created by 
special type fonts and devices accepting characters recorded on documents 
with magnetic ink have recently been introduced. The characters, although 
specially designed and used within strict tolerances, are readable by both 
man and machine. Equipment to process checks imprinted with magnetic ink 
characters is currently used by the Federal Reserve Banking System and 
many of its correspondent banks. A number of transaction recorders are 
also being marketed. These devices have provision for accepting a limited 
amount of variable data by means of movable dials, buttons, or levers. 
Fixed data in the form of pre-punched or pre-embossed cards can also be 
introduced. The transaction recorders are located as close to the point 
where data is generated as possible and serve as both collection and 
conversion devices. In addition, these devices may serve as communi-
cations equipment since the recorders often are connected by wire to 
central receiving equipment located in the vicinity of the data proc-
essing activity. The receiver can be designed to punch either cards or 
tape. With this equipment, the data can be collected, transmitted, and 
converted in one step into a form suitable for processing. 
Data verification is used to achieve a desired degree of accu-
racy in the system. Depending on the type of data involved and the nature 
of the processing to be done, the level of accuracy and thus the extent 
of verification is set at different levels. The slight misspelling of a 
name, for instance, is usually of trivial consequence; a relatively 
low level of verification is called for, since the establishment of 
extreme accuracy is not worth the effort and cost necessary to attain 
it. On the other hand, a depositor's bank balance must be as nearly 
one hundred percent accurate as possible. Since a relatively high level 
of accuracy is indicated in this case, extensive data verification is 
employed. Verification involves the examination of data to ascertain 
that they are complete, reasonable, and tolerable. A complete trans-
action customarily involves four elements: an identification of the 
transaction, a description of what is involved, a quantity, and a 
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transaction date. Omission of any of these can be discovered immediately 
after origination. An error so variant that processing cannot continue 
is referred to as an implausible, unreasonable, or illogical error. An 
alphabetic character in a numeric field is an example of this kind of an 
error. A different type of error, which is exemplified by an incorrect 
numeral in a numeric field, is termed a reasonable or plausible error. 
In this case further processing is not prevented, but, because incorrect 
results will be forthcoming, the transaction is unacceptable and should 
2 
be rejected. 
The second aspect of data processing - - the manipulation of 
data - - involves integrating, arranging, selecting, retaining, and 
purging. This is "processing" as it is narrowly defined. The facts 
about the operation of a business arise in many diverse areas - - pro-
duction data from the factory area, sales data from the marketing area, 
financial data from the accounting area. Furthermore, each of these 
major functional areas is subdivided. For example, the production 
area may be divided into numerous departments, some contributing directly 
to the value of the end product and some, such as maintenance, not bearing 
such a direct relationship to the product. One area may be devoted to 
the receipt of raw material, another for raw material storage, still 
another for finished stock storage, with a fourth devoted to the pack-
aging and shipping of the finished goods. The data coming from these 
diverse areas must be meaningfully related. This is the function of the 
"processing" aspect of the data processing activity. As this data flows 
to the data processing center from one source it is integrated, or 
brought together, with the data from other sources. Payroll data, for 
11. 
example, is created in every company activity that employs people. As 
it flows to the data processing area, this payroll intelligence from 
each reporting department must be combined to form the data pertaining 
to the payroll for the entire company. 
The arranging of data refers to changing the sequence of the 
data records. Usually this is done because of the requirements of the 
processing system itself. It is usually most convenient to process the 
data in some predetermined order. Inventory processing will serve as a 
good illustration. The processing of inventory in its simplest form 
involves the posting of data describing the issue and receipt activity 
to the appropriate inventory master records. These master records 
contain all the required facts about each of the inventory items in-
cluding the quantity on hand. It is the quantity on hand that will be 
affected by the issues and receipts. If the inventory master records 
and the inventory transaction data were in random order, it would be 
necessary to search over the entire file of master records in order to 
find the one requiring annotation. Furthermore, once a posting has been 
made, there is no assurance that the same master record will not again 
be required later in the processing. Because the issue and receipt 
data are also in random sequence, the transaction records applicable 
to a particular item of inventory may be widely separated from one an-
other necessitating a great number of accesses to the master record to 
complete the updating. With the issue and receipt transaction records 
and the master records arranged in the same sequence, only one access 
is needed to each master record. The complete posting of the master 
record can be achieved with the single access, since the transaction 
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records pertaining to a given inventory item are now all together. Ar-
rangement is also necessary in the production of output reports. Sales 
figures might be reported by state, city, or territory while the under-
lying basis for the sales figures (orders shipped) might be reported by 
order number. A payroll report might be required to be in department 
number order even though payroll processing has been done on the basis 
of an employee number sequence. 
Selection is the procedure of discriminately choosing certain 
data or certain parts of data from a volume of intelligence while ignoring 
the unwanted data. The data processing system is often given this task 
of abstracting data from a voluminous array of facts. Producing a sales 
analysis for a specified sales territory from the historical data on all 
territories or determining those inventory items whose on-hand balance 
falls below certain limits are examples of this operation. The selection 
process is essentially a decision-making function based on comparisons; 
each item in the array searched is compared to the established criteria, 
and those matching are selected while the non-matching items are rejected. 
A data processing system also has the function of retaining or 
storing data. Most of the data is held in the form of master records, 
which are control and status records for some aspect of the company's 
operations, e.g., inventory part records, payroll employee records, 
accounts receivable customer records, accounts payable creditor records. 
In some cases the records indicating a change in master data and/or 
serving to initiate processing (transaction records) are retained. 
Generally, this is done only for back-up purposes, but often this data 
is used to prepare special reports or for references of an extraordinary 
nature. One of the major functions of the data processing system is to 
update (make current) the master records so that they accurately reflect 
the present situation of the organization. 
If all data were retained indefinitely, however, the data proc-
essing activity would become cluttered with meaningless outdated facts 
and would consequently become inflexible, unwieldy, and slow. It is 
important, therefore, that the system be able to clear itself of data no 
longer needed. Ability to purge data is built into the design so that 
the system will remain as flexible and rapid as originally designed. 
Automatic data processing and electronic data processing may 
be included under the general heading of data processing. Both serve to 
identify a particular aspect of the system described. An automatic data 
processing system accomplishes the standard processing tasks with minimum 
manual intervention and is characterized by the extensive utilization of 
mechanical devices. When the devices used in the automatic data proc-
essing system are electronic, an electronic data processing system results. 
Automation 
Perhaps the most misused word in the data processing dictionary 
is the word automation. The answer to a businessman's every problem is 
"automation"; the fear of every employee is "automation"; any organization 
enlisting the aid of the mysterious electronic computer is engaging in 
"automation". Everyone is automationizing and most everyone who uses 
the word is or has been guilty of applying the word in an unprecise manner. 
Well, then, what is automation? Automation results when a mechanized process 
is placed under automatic control; that is, when a machine is given the 
capability to regulate itself. It is clear that in order for a machine 
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to control itself it must be able to get and use two things: data re-
fleeting the present state of the processing and data describing the 
standard or normal processing characteristics. The first of these items, 
which is called feedback, is obtained by "sensing" the processing action 
itself, while the second is provided by an external source such as an 
operator setting a valve or rotating a dial, or is built in during the 
manufacture of the machine. Automatic control or automation takes on 
the nature of a communications loop with the process functioning at one 
terminal and a control functioning at the other extreme as shown in 
Figure 1. 
Control 
,, 
Control -Process 
-
Standards 
h 
Feedback 
Figure l - Basic Communication Loop 
The process behaves in accordance with the impulses placed on the control 
line by the control mechanism. "What is happening" data is relayed back 
to the control device from the process activity. The control device com-
pares the feedback data with the standards provided it and determines if 
the process is deviating from the established standards. If deviation 
is present, corrections are transmitted to the process activity by means 
of the control line. If the standards are being met, the process activ-
ity is allowed to continue without change. Once this loop has been 
initiated no human intervention is necessary until processing is complete. 
A simple example of automation is a heating system controlled 
by a thermostat. The process device now becomes the furnace, and the 
control mechanism is the thermostat. Certain components of the thermo-
stat will react in a predictable manner to various levels of temperature. 
The thermostat is capable of assuming one of two possible states: an 
"on" condition or an "off" condition. When the temperature of the area 
in the vicinity of the thermostat falls below a selected point, the 
thermostat assumes an "on" state, and when the reverse is true, that is, 
when the temperature is higher than the selected point, the thermostat 
reverts to an "off" situation. The point at which the device changes 
from an "off" to an "on" state or the reverse can usually be selected 
and varied by a human operator. This selected point is the standard. 
The automated heating system is shown in Figure 2. 
Functionally, the automated heating system is identical to the 
basic communication loop shown in Figure 1. The thermostat senses the 
condition of the heated area (feedback), matching its findings with the 
temperature selected (standards). If the temperature is above the 
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desired minimum (conforms with the standard), the thermostat assumes the 
"off" state and no action is taken, but, if the temperature is instead 
below the established norm, the thermostat becomes "on" which sends a 
start and run command over the control line to the furnace. As the fur-
nace generates and sends the requested heat to the area to be warmed, 
the thermostat is continually sensing the temperature of this area (feed-
back). When the temperature reaches the preset norm, the thermostat 
reverts to the "off" state, sending a stop command to the furnace. In 
this manner the area temperature is maintained at a desired level with-
out human intervention except to start or modify the process. 
Heat 
- ~ Area to be \ 
~ 
- Selected 
Control Thermo- Temp. Furnace ~ 
-
-
stat 
-
Heated 
Figure 2 - An Automated Heating System 
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Since this absence of human interference is basic in automation, 
it is evident that, at present, data processing - - even electronic data 
processing - - is not automated. It is, however, highly automatic; ma-
chines, many of which are capable of executing a large number of steps 
without human intervention, are now in extensive use in data processing 
activities. Nevertheless, the incorporation of the necessary complete 
automatic control activity that is found in the automation loop is nota-
bly missing. Although the trend is towards the achievement of automation 
in data processing, automation has not yet been attained. 3 
Information and Data 
The words "information" and "data" are in common use in the data 
processing industry. In many cases they are applied interchangeably, al-
though a distinction should be carefully maintained between the two words. 
Data may be thought of as a collection of characters that are usually 
arranged in some orderly fashion to make up facts and figures. In order 
4 
to be useful, data must be new, accurate, and timely. Some data have 
their origin in the recording of the day-to-day activities of a business 
enterprise and serve to identify that which has transpired. This is 
known as transaction data or merely as transactions. Such things as 
inventory issue and receipt data, payroll time data, order data, sales 
data, and production data are examples of transaction data. Data are 
also used to represent the present state of some company activity. This 
type of data is called master, master file, or reference data. Examples 
of master data are records pertaining to the inventories that contain 
such items as stock number, description, reorder level, amount to 
purchase, and balance on hand; to the payroll that record such items 
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as employee number, employee name, employee address, witbholdings, pay 
rate, and earnings-to-date; or to the accumulated sales that contain 
such items as order number, catalog number, item description, customer 
number, customer name, and quantity. In many instances data may be used 
to formulate additional data, as happens when past sales experience is 
used as a base for a forecast of future sales. It is quite evident then 
that data are found in all the activities of a business, but it is just 
as evident that most of these facts and figures are in an unusable, raw 
form. Something must be done to convert this raw material into a mean-
ingful finished product. 
It is the function of data processing to manipulate the data 
describing various situations in order to produce information. Inform-
ation may be identified as "the significance derived from ••• data." 
Information is a subjective concept. Data have the capability of trans-
mitting certain facts that are potentially meaningful, but the acquisition 
and recording of data does not assure that meaningfulness will be derived. 
To the individual, the data, in order to be information, must be under-
standable, relevant, novel, and accurate. In addition, the reader must 
be in a position to act on the information that he receives. Data that 
are undecipherable by the reader cannot convey meaning and hence cannot 
be of use to him. The potential information must also be related to the 
reader's sphere of activity. Modern data processing systems have the 
capability of producing vast amounts of data. Care must be exercised 
to keep the outpouring geared to the needs of the reader and restricted 
to that which he can effectively use. Being buried under tons of paper 
bearing facts and figures on all the activities of the firm while he has 
control over only a relatively small area can only mean confusion and 
frustration for the reader. In order to convey information, a document 
must bear data that are new to the reader. If the report merely repeats 
that which the reader already knows is true, it is meaningless to him. 
Information must be made available to the potential user so that he has 
adequate time to use it. A sales forecast for the coming month would 
have limited use, and therefore would contain little or no information, 
if it were not conveyed until the end of the following month. Timeliness 
must be considered in terms of the particular use to be made of the in-
formation. A time lag of a week or a month may be significant in some 
instances, while under other conditions such a delay will be of little 
or no consequence. The degree of accuracy demanded of information to 
assure its usefulness is a function of its ultimate disposition. In-
formation affecting a bank balance must be highly precise, while that 
used for forecasting purposes is likely to be accurate only within fairly 
broad limits.5 
Data, then, are facts and figures, sometimes in a raw state, 
while information is data from which meaning or significance has been 
derived. The objective of a data processing system is to refine data 
into information. 
Operations Research - Management Science 
The technique of applying quantitative methods in the solution 
of managerial problems is identified as operations research or management 
science. This methodology is becoming increasingly significant in the 
use of a computer as a management tool, for problems that can be expressed 
in quantitative terms lend themselves particularly to computer solution. 
Results are accurate and can be achieved more quickly than with manual 
methods. Frequently, the application of operation research principles 
results in the construction of a model which is a mathematical and/or 
statistical representation of the problem environment.* The model sim-
ulates the conditions surrounding the problem. After converting the 
model to machine language, the model is made available to the computer 
along with a number of alternate solutions.** The computer, using the 
procedure established in the model, will produce the results expected 
from each alternative, allowing comparisons, or it may even choose the 
best alternative. Accordingly, the model must be manipulative so that 
the effect of the changes made in it can be tested.6 Using a model to 
simulate reality in this manner is not unlike a naval architect's testing 
of a model hull in a tow tank or an aircraft engineer's trial of a design 
in a wind tunnel. Each establishes a representative environment in which 
to test or simulate the actual expected results. Of course, the relia-
bility of the results depends greatly on the adequacy of the model used 
to mirror reality. A valid outcome, and therefore a usable one, can only 
be obtained from a simulation model that has been constructed carefully 
to include as many of the components of the real situation as possible, 
especially the major environmental influences. It is important to re-
present reality sufficiently so that it is possible to simulate the actual 
*The author uses the term "model" to identify any representation of the 
universe which is accomplished in symbolic terms; e.g., mathematical 
configurations abstracted from a "real" situation. Under this inter-
pretation, even the most basic use of abstract methods would involve 
building a model. Another less liberal interpretation reserves the 
term for situations where the characteristics of the environment are 
quite closely duplicated. 
**It should be noted that the model can be worked without the aid of a 
computer; however, in most cases, the time-consuming complexity of the 
computations involved make such an application unfeasible. 
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conditions and experiment with the desired or expected changes. 7 For 
this reason the model must be realistic. 
Sometimes there is a tendency when applying abstract mathemat-
ical or statistical methods to the solution of a problem to become so 
involved in the theoretical aspects of the technique that the basic ele-
ments and objectives of the problem are clouded. Emphasis must be placed 
on these operations research procedures as a tool, a tool to be used to 
the extent that they will serve in the solution of concrete problems; a 
dependency on operations research as an end in itself can be, at the 
least, time-consuming and expensive and can quite easily lead to a re-
liance on spurious results. The danger here is that, since the operations 
research model often involves highly complex mathematical or statistical 
concepts that may not be readily comprehendible by the layman, the de-
cision maker will tend to use models and accept results from models with-
out logically examining or questioning the procedure or the outcome as he 
would under more understandable methods. 
Not all problem areas are economically adaptable to operations 
research. These techniques are most readily applicable to large, very 
complex problems involving delicate inter-relationships that are difficult 
to measure and visualize, especially when the cost and profit consider-
ations of a particular problem are large and when the mass of data re-
quired to formulate a decision can be expressed in terms of quantitative 
symbols or set within limits.8 
More and more, management science is approaching the realm of 
long-term policy decision making. It is here that the potential benefit 
is highest, but it is here also that most of the difficulty in applying 
quantitative techniques arises, in part because these areas are the 
hardest to simulate and in part because of a number of significant obsta-
cles. One set of obstacles is the time and money needed to complete sim-
ulation studies. 9 Since the simulation model should be as closely re-
presentative of actual conditions as possible, the environment surround-
ing the problem must be very carefully and thoroughly analyzed and studied, 
and the model must be meticulously constructed and tested. As the problems 
to be simulated increase in complexity, the detailed analysis and model 
construction will consume a greater and greater proportion of time and 
expense. Company management will seriously question the feasibility of 
engaging in such studies, especially since the return on the funds in-
vested, even though potentially high, is difficult to express in concrete 
terms. For example, the monetary gain from locating a plant in a certain 
area in preference to a number of other areas is not easy to predict. 
Some advantages may even be almost impossible to express on a tangible 
basis. How should a gain in competitive position be evaluated? What 
value can be placed on an accurate sales forecast? Benefit, often very 
significant benefit, is there; it merely defies objective measurement. 
Alert management will recognize these advantages and will evaluate them 
in terms of their judgement and experience when deciding on the use of 
operations research. Probably the major barrier, however, is the lack of 
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management understanding and acceptance of computer models. This ab-
sence of understanding can cause a condition of either over-acceptance, 
where the results from any model are deemed accurate and appropriate, or 
non-acceptance, where all models are viewed with suspicion. The preferred 
position is between the two extremes: neither blindly accepting nor un-
equivocally rejecting all operations research procedures. What is needed 
is a program of education to familiarize managers with operations research. 
It is not essential that they become operations research experts in-
timately familiar with all phases of operations research techniques, but 
they should acquire a general appreciation of the nature, capabilities, 
and limitations of operations research as an instrument to assist manage-
ment. Responsibility for such a program should be placed with the 
manufacturers of data processing equipment, the consultants in the data 
processing industry, and the user personnel themselves. 
Often managers view operations research as a threat.11 They 
picture themselves as being replaced by a computer working with a set of 
simulation models, and it is extremely difficult to change their opinion. 
These people must be made to realize that the models are designed to 
help the manager in performing his work better and more efficiently. 
There is and always will be room for human judgement and review. 
Not all the barriers to the acceptance of operations research 
come from the potential users. Operations research experts, that is, 
those formally trained in the use of operations research techniques, 
have difficulty in conveying their ideas to people unfamiliar with 
mathematical and statistical terms. The experts tend to oversimplify 
their explanations as a result. Managers, examining the simple examples 
given them, tend to conclude that the "experts" are engaged in making the 
obvious appear complicated and consequently place little confidence in 
the expert and his wares. 
Integrated Data Processing 
With the advent of computer systems having relatively large 
capacity and high speed has come the concept of integrated data processing. 
Data processing has been defined as the collection and manipulation of 
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data to produce information. Integrating this procedure literally means 
to bring the data processing and information producing function together 
into a unified whole. A working definition of integrated data processing 
is provided by the following: 
Integrated data processing is the effective production, 
through the systematic organization of all related clerical 
routines, of a coordinated and uninterrupted flow of 
essential data (information) needed by management ~n its 
decision-making, control, and planning functions.1 
Historically, when industry was organized around the individual 
craftsman, each manager was able to control all aspects of his operations. 
As business organizations grew in size and complexity, however, he became 
unable to personally supervise all portions of the firm's activity. It 
was necessary for him to delegate most or all of the detail record keeping. 
He relied on summary reports from each area to keep him informed and to 
serve as a basis for his decision making. As a result, each area developed 
individual and semi-independent methods of handling data. In many instances 
the same basic raw data were processed by a number of different sections 
with no assurance that the data would be interpreted in an identical 
manner. The summary reports that were designed to bring together the 
data from the different departments so that the manager could get a 
comprehensive view of the status of his area of responsibility often 
contained data that were out of phase. It was necessary in some instances 
to re-record data that were originally captured in one form so that they 
were palatable to the numerous devices used in the different processing 
areas. For example, the company may be using a teletype communications 
system and a punched card data processing system. Data originally encoded 
on paper tape for use with the teletype system must be converted to punched 
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card ~orm ~or use with the data processing system. 
This separation o~ ~unctions was o~ten necessary because o~ the 
complexity and volume o~ processing that had to be done. Nevertheless, 
e~~ective management has sought to reduce the hazards inherent in this 
segregation. The introduction o~ electronic data processing equipment 
with its high speed and capacity and its ability to handle highly complex 
problems has provided management with a means whereby the data processing 
activity can again be uni~ied. The data processing activity may now 
become an entity ~hich serves the organization in a cohesive, uni~ied 
manner. 
The acquisition o~ a computer, however, does not automatically 
mean that integration will take place. Many computers have been used as 
tools ~or individual ~unctional departments which continue to operate 
as they had in the past. Task a~er task has been loaded onto the com-
puter, each developed and processed essentially without re~erence to 
another. The result is lost time and duplication o~ e~~ort. 13 
The concept o~ integrated data processing di~~ers ~rom the 
traditional concept o~ data processing in two respects -
(1) Raw data are captured at their point o~ origin, pre~erably 
in a mechanical ~orm. 
(2) Once captured, the raw data are used throughout the proc-
essing without re-recording the same data. Processing is 
pre~erably done by mechanical methods with a minimum o~ 
human intervention. 
Integration o~ data processing has its greatest value in its 
capacity ~or causing the consolidation o~ separate in~ormation ~iles 
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and performing an interrelated series of operations with minimum human 
interruption.14 To management this means the ability to control operations, 
formulate policy, and develop forecasts based upon data that have been 
developed systematically through an integration or unification of over-
all company functions resulting in the production of integrated information.15 
The Exception Principle 
Another important principle, originating with Frederick w. Taylor, 
who advanced several new management concepts in the 188o's and who estab-
lished what has been termed the scientific management philosophy, is the 
exception rule, often referred to as management by exception. This 
principle suggests that managers need not, and, indeed conceivably should 
not, examine all data pertaining to their area of responsibility but 
need only be concerned with conditions that require their particular 
attention. For instance, a manager concerned with controlling inventory 
need not spend his time periodically analyzing every inventory item when 
the result is only the application of standard procedures and the segre-
gation of those items requiring his individual consideration. It can be 
the function of the data processing activity to perform this review and 
to present to the manager data on only those items falling outside the 
range of normality. The manager then is able to devote a greater part 
of his time to his primary task of managing and less to the time-consuming 
and needless task of reviewing a mass of insignificant data just to 
isolate the devious items. 
Application of the management by exception concept presupposes 
the existence of a target or expected result. A normal range of deviation 
and corresponding action for items falling within the normal range is 
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established and made available to the data processing system. As items 
are processed, those falling within the indicated normal are not reported; 
standard action is initiated on them. Items falling outside the set 
normal are presented to the manager in detail for his review.16 He is 
thus relieved of the tedious task of implementing standard procedures and 
can concentrate on the more interesting and more productive task of 
solving problems that challenge his knowledge and experience. Setting 
the normal range is a critical aspect of the application of this principle. 
The normal range should not be set too wide, for the standard action should 
be appropriate for items falling near the upper and lower limits as well 
as in the middle of the range. Some categories have existing action 
rules which makes norm setting comparatively easy. For other categories 
no action rules presently exist, so the norms must be formulated. Normal 
action procedures can be based on actual amounts in past periods, overage 
amounts in several past periods, or a forecast of anticipated future 
results, especially if the future is expected to deviate greatly from 
the past. Variation measurement can be done by absolute amount, by per-
centage, or by average or standard deviation. 17 
The exception principle attempts to increase the information 
value of reports submitted to management; it strives to enhance the 
understandability, relevance, novelty, and timeliness of the data 
contained thereon in order that managers might more effectively fulfill 
their responsibilities. 
Serial and Random Processing 
The current design of electronic computing devices has focused 
attention on two different processing methods: serial processing and 
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random processing. In serial processing the data records are arranged 
and handled in sequence according to a selected criteria. Since trans-
action data originate without reference to sequence (for example, receipts 
of inventory do not occur in strict item identification number sequence), 
it is necessary to rearrange the transaction records before processing. 
This rearrangement process is known as sorting and can consume a consid-
erable amount of time. This time is essentially lost, since the sorting 
requirement is dictated by the nature of the processing utilized in the 
system. It does not of itself contribute to the production of information. 
Serial processing, however, requires but one access to the master data in 
order to update it, inasmuch as all the transaction data affecting a 
particular master record have been gathered together in the sorting 
procedure. The ability to entirely modify the master record with one 
access may outweigh the sorting time necessary to arrange the trans-
action records. This depends on the number of transaction records per 
master record (the hit ratio). Also, serial processing may facilitate 
the production of output reports which are required to be in a selected 
sequence in order to be easily interpreted. In order to increase the hit 
ratio, transactions are accumulated or batched prior to sorting. The 
accumulation period may be a day, a week, a month, or even a year 
depending on the master record updating requirements. 
Random processing handles transaction data in the sequence that 
they occur, avoiding the need to sort prior to processing. This means, 
however, that unless two or more transactions referring to the same master 
record coincidentally appear together, there must be a master record 
access for every transaction processed. Transaction records may also 
be batched, as in serial processing, so that a number of transactions may 
be handled during one machine run. 
The feasibility of random processing versus serial processing 
often hinges on the hit ratio. Because the random technique requires 
an access to the master record for each transaction, the advisability 
of this approach, as opposed to the serial approach, varies inversely 
with the number of transactions per master record.* For example, if 
fifty transactions on the same master record were spread throughout a 
group of transactions, the random method would require accessing the 
same master record fifty different times, once each time one of the 
fifty transactions pertaining to that record was encountered. The 
serial approach would sort the transaction group prior to the processing 
of the master records thereby bringing the fifty transaction records 
together in one sequential string. The entire transaction string can 
then be processed with one access to the appropriate master. 
A particular type of random processing called on-line or real 
time processing occurs when transaction data are fed directly to the 
processing unit (usually a computer). Processing takes place immediately. 
Results can be fed back to the transaction origin point or to any other 
desired point before the action causing the transaction has had time to 
change materially, so control can be effectively exercised. An on-line 
system has the advantage of providing the most up-to-date information to 
management because transactions affect the appropriate master files as 
soon as they occur; but an on-line system, to be effective, demands a 
*This evaluation is based on data characteristics. other factors must 
be considered such as type of processing equipment used. 
sophisticated communications network to link the transaction source points 
with the processing unit and a large capacity, fast storage device to 
contain the master records (preferably all the master records in the 
system) and to process the transaction data. 
It is very difficult indeed to reach any unequivocal decision 
as to which method - - serial processing or random processing - - is 
preferable. Much depends on the circumstances: the nature of the system, 
the data to be processed, and the equipment to be used. The author be-
lieves that current equipment design has tended to impair the desirability 
of the random approach. The fundamental weakness of this method is the 
number of master accesses required to do a given job. Each access takes 
time and this time is relatively high with present equipment, which uses 
the electromechanical devices for bulk storage. Until high capacity, 
economical, electronic equipment is developed to reduce this access time 
and is made available at a cost not exceeding that for the present equip-
ment, random access will remain at a disadvantage, except for very 
specialized applications. Future developments will probably reverse 
this opinion, however. From the work now being done in the industry, 
it appears that data processing of tomorrow will be centered around an 
in-line random access system that utilizes a highly developed data 
communications link to couple the transaction source point with an 
extremely fast, highly reliable, and very economical electronic processing 
device that has the capacity to store all the data needed by the organi-
zation. 
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III. ELECTRONIC DATA PROCESSING SYSTEM DEVELOPMENr 
Introduction 
In the previous portion of this paper a number of concepts and 
terms prevailing in data processing have been examined in detail. This 
section will endeavor to trace the development of a data processing 
system - - specifically a data processing system utilizing an electronic 
computer - - drawing on some of these previously described ideas and 
formulating some additional ones. A data processing system has been 
defined as a structural device for accomplishing the process of obtaining 
and manipulating data in order to produce information for the use of 
management. Every aspect of a business is concerned with, and affected 
in one way or another by, the data processing system. The marketing, 
production, financial, and general management functions all serve up 
data for consumption by the system, and all are eager to obtain the 
resulting information. Data processing systems do not come into being 
abruptly and without effort, nor do they continue to function without 
change. Rather, they spring to life by being created - - a creation 
that involves extensive and careful planning, trial, and evaluation. 
Flexibility is a key attribute. Whenever a change in the system structure 
is warranted, it should be effected. Initial system planning must take 
cognizance of this principle of flexibility and this recognition must 
remain as the system operates. Often the inevitability of change is 
overlooked in the initial phases of system development or in the later 
requirements of a mature system or both. The resulting system is in-
efficient and uneconomical; it fails to provide information at the most 
favorable cost. Conversely, a system properly planned, developed, and 
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maintained can be a very useful tool for organization management. 
The Nature of Business Systems 
System development is the evolutionary process whereby the 
procedures and techniques for reporting the relevant activities of an 
enterprise are so molded as to take every possible advantage of the 
means available. This, then, is a dynamic activity involving problem 
definition, analysis, determination of alternatives, and selection of 
the best solution. It is an intensive and extensive process continually 
probing into the very roots of the organization itself; it is a process 
that demands very careful planning. 
Careful planning requires that the planner be familiar with 
the principles governing the function to be programmed. In the case of 
electronic data processing system building, though, there is a lack of 
general principles to rely on as guides. The following reasons are 
offered in explanation of this deficiency: 
(1) Data handling systems are difficult to depict in simple 
terms and change is continually occurring even during 
initial analysis. 
(2) Operating surroundings and points to be solved are widely 
different from one situation to the next - - each tends to 
be unique in terms of personnel, input data, and output 
reports. 
(3) The utilization of electronic equipment is still relatively 
new - - current experience has not covered a complete cycle 
from the initial installation of equipment to the intro-
duction of still newer devices which means that there is 
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no assurance that the design of the current system is the 
best possible with regard to the ultimate installation of 
future equipment. 
(4) The current trend toward integration and concentration of 
the data processing function instead of the decentralized 
and piecemeal approach has complicated data processing 
18 
systems. 
In spite of this deficiency, attempts have been made to adequately 
place data processing systems in the management picture. Ned Chapin views 
a business system as a means of collecting and processing "information 
needed by management for making decisions and for creating and maintaining 
a historical record of transactions and performance (events and conditions) 
of the company." The business system is considered to be part of a "loop 
of control" and is "concerned with the entry of information onto business 
records, ••• with the transmission of recorded information and with the 
timing of the transmission, and with the processing of data ."19 The 
basic loop of control involves a collection of data from the "thing 
controlled" and the preparation (processing) of the data to put them 
into suitable form for the comparison of one item of data with other 
items permitting the selection of information pertinent to the activity 
controlled. The basic loop of control is shown in Figure 3· These four 
functions of collection, processing, comparing, and selecting can be 
further defined in terms of business practice. (Figure 4.) The elements 
of the business practice loop of control are essentially manual operations. 
Introduction of automatic computing devices results in a further definition 
of the control loop (Figure 5.) 
Figure 3 - Basic Loop of Control 
Source: Chapin, Ned: An Introduction to Automatic Computers, Princeton, 
N. J., D. Van Nostrand Company, Inc., 1957· p. 42. 
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Figure 4 - Business Practice Loop of Control 
Source: Chapin, Ned: An Introduction to Automatic Computers, Princeton, 
N. J., D. Van Nostrand Company, Inc., 1957· p. 51. 
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Figure 5 - Composite Loop of Control 
Source: Chapin, Ned: An Introduction to Automatic Computers, Princeton, 
N. J., D. Van Nostrand Company, Inc., 1957. p. 58 
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The only significant change brought about because of the use 
of automatic computing devices is the substitution of mechanical and 
automatized process functions for process functions that were fundamentally 
manual. Automatic computer potential, though, is much greater. Extensive 
utilization of these devices will permit a highly automatic control loop 
to function. Input to the computer will be created mainly as a by-product 
of other operations and processing will be complete for routine operations, 
i.e., appropriate decision paths will be "built in" the computer process. 
Managerial concern will be limited to unusual, non-routine conditions. 
This computer potential control loop closely suggests the principle of 
management by exception which was introduced earlier. The bringing 
together of functions indicated here also relates to the concept of 
integrated data processing. Even more important, the progression from 
the basic four stage control loop to the potential computer loop leads 
to a further refinement; one in which the by-product input function is 
replaced by a completely automatic input link to the computer and the 
non-routine manual operations are absorbed by the computer process with 
direct linkage to the activity to be controlled. This would be the 
automation loop of control. 
Since the main purpose of a system is to provide information, 
a major task of system design is to determine how to select the information 
useful for making decisions from the multitude of facts that are available. 
An approach to systems theory that emphasizes this information selection 
aspect is used by Robert H. Gregory and Richard L. Van Horn. Possibly 
the most elementary system is one designed to produce reports, relying 
on management to select the appropriate information upon which to base a 
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decision. This system structure is depicted in Figure 6. 
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Managerial Decision Implemented 
Figure 6 - Data Processing to Produce Reports 
Source: Gregory, Robert H. and Van Horn, Richard L.: Automatic Data 
Processing Systems. San Francisco, Wadsworth Publishing Co., Inc. 
1960. p. 339· 
Two activity areas are present here: data processing, which 
encompasses the function of collecting the input data originated by the 
operation to be controlled, processing this data, and producing the proc-
essed data in the form of output reports; and management, which is charge~ 
with the task of selecting the needed information from the data contained 
on the output reports, making a decision based on that information, and 
implementing and reviewing the decision made. Under this method of data 
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. processing system organization, management is required to examine all of 
the output data in order to extract information. Processing does not 
produce information. 
It would be beneficial if management could be relieved of the 
necessity to sift output data for information by shifting this job to the 
data processing function. In many cases the processing system in use 
cannot assume this role because it lacks the capacity, capability, and 
flexibility needed to handle information selection. Electronic computing 
devices, through the versatility of their instruction programs, have the 
power to absorb the information selection task. They have the power, but 
unfortunately this power is frequently not used. Sometimes this is due 
to an unwillingness to engage in the effort necessary to make the change 
(it can be a sizable task) and sometimes it can be attributed to a fear, 
a misapprehension on the part of.the manager that his empire is being 
threatened if he is relieved of the job of pouring over detailed data. 
Figure 7 illustrates a system in which the information selecting is done 
by the data processing activity. 
Still the full power of modern electronic machines has not been 
utilized. Management, relieved of the work of information gathering, 
must nevertheless continue to be concerned with decisions that are routine 
and re-occurring. An additional modification of the basic report-producing 
system can be made which will move the routine decision making task from 
the management functional sphere to the data processing activity. The 
computer can be programmed to not only process the input data and select 
applicable information, but to evaluate the selected information in terms 
of predetermined standards and to make routine decisions based on this 
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Source: Gregory, Robert H. and Van Horn, Richard 1.: Automatic Data 
Processing SystemsL San Francisco, Wadsworth Publishing Co., 
Inc., 1960. p. 340. 
evaluation. Unusual situations are fully reported to management for 
their specific attention, and data and/or information output is available 
as an assistance to management on an optional basis. This is an embodiment 
of the exception principle described in Section II. Figure 8 illustrates 
a system based on this principle. 
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The basic ingredients contained in the system concepts expressed 
both by Chapin and by Gregory and Van Horn are almost identical. Both 
ideas employ a focal point called the thing or operation to be controlled; 
the other activities in the system either obtain and manipulate data ob-
tained from this focal point or send commands to the focal point. This 
process is analogous to the fundamental theory of automatic control 
illustrated in Figure 1, page 15. Thus, the Chapin loop of control and 
the Gregory and Van Horn input, processing, decision making, and decision 
implementation cycle closely resembles the automation loop. Do the 
business system concepts presented by these authors constitute automation 
then? The answer here is clearly no. It must be remembered that an 
essential requisite for automation is total automatism; the system must 
function without human intervention after initial setup.* The trend is 
toward automation, however. As more and more procedures are pushed under 
the roof of data processing and as that function is automatized, as when 
a system moves from the inner loops to the outer loop of control or from 
a system constructed to produce reports to one constructed in accordance 
with the exception rule, the data system then exhibits a trend toward 
automation. 
Using the format of Gregory and Van Horn, the author suggests 
that business system automation might appear as illustrated in Figure 9. 
Under this procedure, input data from the operation to be controlled 
flows directly and automatically to the data processor. All decisions 
are implemented by the data processor; the direct managerial decision 
*Human monitering can take place, but the entire feedback - control loop 
must be automatic, once initiated. 
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line has been cut, but management moniters the machine decisions by 
modifying the decision criteria. Once established, however, the decision 
criteria should require a minimum of change, for the data processing 
function has been given the additional responsibility of decision review 
whereby it can modify its own decision standards according to the environ-
mental changes that take place. An assumption is made here, of course, 
that the data processing means are automatic. 
The use of a computer in a business system to produce faster and 
more complete information for management decision making and control of 
operations has been hailed as one of the most important profit making 
pursuits. Users must exercise caution, however, for while there is no 
question that electronic computers can spout facts and figures faster 
than they can be generated by any other means, doubt surrounds the ability 
of a human being to assimilate and use such a mass of information in the 
running of an enterprise. Business systems must be carefully planned to 
avoid this pitfall. Economic waste caused by the excessive generation 
of information is primarily the decrease in executive effectiveness that 
it creates. Incremental clerical cost is only of secondary import. In-
creasingly important is the determination of what information is of real 
significance. Good system planning insures that information of real 
worth is provided to management while irrelevant, non-applicable facts 
are filtered out of the information flow. Unless the system functions 
in this manner the executive either disregards the great mass of data 
confronting him, thereby missing vital as well as incidental facts, or 
he is likely to become overburdened or even enslaved by it. vfuat is 
needed in applying electronic computers to the management process is 
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a much clearer identification of the factors affecting the health of an 
enterprise and a recognition of the specific ways that each of these 
factors exercises its influence in a given situation. The task of en-
hancing the utility of a business system should be considered to be more 
than merely eliminating the disorder and confusion from existing reports. 
A detailed analysis of the report structure should be done to make certain 
that it supplies management with the critical information needed for con-
ducting the business and for observing the contribution of each segment 
of the organization to the attainment of the overall goal. 
istics: 
A well constructed business system has the following character-
1. It focuses attention on the factors and elements of per-
formance that control the end result objectives of the 
enterprise. For business organizations, these will 
ordinarily consist of profit results and share-of-industry 
position. 
2. It provides to each executive and manager the information 
he needs for: 
(a) Identifying and choosing among alternative courses of 
action. 
(b) Planning the end results for which he is responsible 
and the concrete action programs through which he will 
achieve these end results. 
(c) Measuring his own and subordinates' performance and 
taking corrective action. 
3· It recognizes that the kinds of information needed for 
decision making and planning are different from the kinds 
needed for performance measurement and control. 
4. It is complete in the sense that it covers: 
(a) Non-financial as well as financial factors and elements 
of performance. 
(b) Long-term goals and programs as well as short term ones. 
5. It has an operating focus rather than an accounting and 
financial focus. This means that information exists not 
just because traditional accounting practices require it, 
but because it is specifically de~~gned to help operating 
managers to do their jobs better. 
The purpose of a business data processing system is to produce 
information for management. Various means can be adopted to promote this 
purpose. Some systems employ means that are entirely manual; others 
utilize mechanical or electromechanical machinery. Still others use 
electronic devices to achieve this end. In the latter instance the system 
is called an electronic data processing system (EDPS) and may be defined 
as a business system that utilizes electronic mechanisms for gathering, 
integrating, processing, and presenting in an orderly and meaningful 
manner timely, relevant facts concerning the past, present, or potential 
future in order that management may successfully fulfill its functions 
of planning, organizing, decision making, and control. The development 
of such a system requires a very careful consideration of the elements 
of system analysis and design. 
System Analysis and Design 
The objective of system analysis and design is to develop a 
data processing structure that adequately meets the information needs of 
the organization. System analysis and design is elemental in the con-
struction of the business data processing system; therefore, the adequacy 
or inadequacy of the final system can be attributed to the type of 
analysis and design initially performed. As more and more functions are 
given over to the data processing system and as increased integration 
takes place, especially with the use of electronic computers, system 
analysis and design becomes increasingly complex and difficult to perform 
adequately. Because of this there is an inclination to overlook important 
aspects of system analysis and design in the formulation of the elec-
tronic data processing system. The system manager should guard against 
weakening the ultimate system by circumventing the "difficult" aspects 
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.of the analysis and design. 
"Systems analysis is an orderly study of the detailed procedures 
for collecting, organizing, and evaluating information within an organi-
zation, with the objective of improving control of the operations of the 
organization." This is a dissecting operation, a look at the requirements 
of an information system for the enterprise. System analysis produces 
conceptual pieces. It is the role of system design to put these pieces 
together into a meaningful, coordinated structure. This is the creative 
stage of system development. Basically, system analysis and design 
serves to ascertain the information that is needed for operating and 
controlling the enterprise and to describe the policy necessary for 
gathering that information. The result of system analysis and design is 
a system that fUnctions to provide the requisite management information. 
When an electronic computer is used as a means, the capabilities, 
limitations, and requirements of this tool must be carefUlly included in 
h 1 d d . 21 t e ana ysis an es~gn. 
Complete and detailed planning is the key to successful system 
construction. Planning must be initiated from the very start of the 
study and must be carried along, with periodic review and revision, if 
necessary, until the project is finished. Often, because of other pres-
sures, especially near equipment delivery date, the system development 
schedule will disintegrate, and check points will be missed, or seemingly 
insignificant aspects of the work will be deferred or even ignored. The 
emerging system then either fails to meet the needs of management as 
originally established or, at the least, is adequate but contains 
numerous weak areas that will fracture under the strain that is sure 
to come when the system is put into productive use. 
The first items to consider in the system plan are the system 
objectives. Establishment of system expectations is the responsibility 
of upper level management with recommendations from the expert charged 
with constructing the system and from other people directly involved at 
all operating levels. Objectives must be realistic. The system should 
be required to provide management with the information it needs, but 
demands on the system must be limited to those that the system can be 
reasonably expected to fulfill considering the means available and the 
incremental cost of obtaining the information requested. In most cases, 
both short range and long range goals should be set. The extent and 
depth of system analysis and design is established in line with these 
goals. Once the overall objectives have been defined, they should be 
formally documented so that reference can be made to the objectives 
during the study, and so that later the completed system can be evaluated 
with regard to the objectives originally established. Changes in the 
original objectives should also be expressed in writing. Documentation 
of objectives reduces greatly the possibility of misunderstanding and 
conflict between those charged with system development and upper manage-
ment. 
Generally, system studies originate because of one of two 
reasons: the information needs of the organization have changed or new 
equipment with different capability is to be installed. 22 The acquisition 
of equipment With enhanced potential almost always is related to the 
information needs of the company. Management, laboring under a system 
which the organization has outgrown, is undoubtedly starved for information, 
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information that now can be provided by the new equipment. A careful 
examination of the information desires should nevertheless be completed, 
for frequently the request for additional information is related to the 
capabilities of the equipment rather than to the managerial requirements 
of the company. Information that is "nice to have" but irrelevant to 
effective management can be very costly to obtain. The impact of this 
consideration is magnified in a system which employs an electronic 
computer because this device represents a concentration of a relatively 
large cost. What before took the time of one or two clerks now may 
involve the entire computer system. 
System analysis and design can be conducted from two points 
of view. The present system can be discarded and a new system can be 
devised and installed without reference to the old, or the existing 
system can be modified to meet the new information objectives of manage-
ment and/or the characteristics of new processing equipment. These 
extremes are introduced for purposes of definition only. In practice, 
the resulting system study must be located somewhere between the extremes, 
for there are significant disadvantages at either limit. The construction 
of a completely new system based on a new study completed without reference 
to the old will undoubtedly produce a system that is most efficient and 
economical, but the construction period is likely to be long and difficult, 
and the cost of development is high. On the other hand, modification of 
the present system will produce a system more rapidly for less design 
cost, but the system in this case is prone to be less efficient and more 
costly to run. This situation produces a dilemma for management, a 
dilemma for which there is no universal right answer unfortunately. 
Each situation must be weighed; the demands and expectations of manage-
ment must be evaluated against the characteristics of the system. The 
acquisition of an electronic computer with its inherent high speed, 
massive capacity for work, and high degree of flexibility generally 
suggests a complete revamping of the system in order to realize the 
maximum benefits. Unfortunately, experience seems to indicate that this 
approach is often squelched and a compromise position adopted. Compromise 
in this situation may be acceptable as a short range policy, but it is 
very doubtful that the best result will accrue over the long term. This 
is like installing a powerful gasoline engine in a wagon designed to be 
drawn by a horse, but once this compromise policy has been established 
modification comes slowly, if at all. 
Even though the new system is based on a complete overhaul 
of the information structure, reference may appropriately be made to 
the existing system. For example, the structure of the system currently 
in use may serve as a point of departure in the construction of the new. 
Deficiencies in the old methods can be pinpointed and avoided; deficiencies 
can be analyzed to determine if they are caused by people or by the equip-
ment and the system in use. 23 System shortcomings caused by equipment 
or system structure can be directly attacked and amended. Human defi-
ciencies are another matter. These are not directly within the scope of 
the system manager, although they can exert a profound influence on the 
data processing system. This is not to say that the system manager is 
not concerned with human shortcomings. Anything affecting the operation 
of the system should be subject to his examination, but action on his 
part regarding the human element is restricted to observations and 
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consultation with the personnel function. This places the systems man 
in an awkward position. Equipment and structure shortcomings can be 
outwardly and forthrightly handled by him, but the third element, the 
human element, must be treated with deference. 
There is a third alternative in system analysis and design 
called the "one-for-one system changeover." Under this philosophy the 
existing processing methods are replaced by some other means with minimum 
modification of the information needs of management. The existing system 
remains structured essentially in the same manner. This method has 
limited applicability, however, and will work only if: (a) a change in 
information output and/or data input characteristics affect a small part 
of the overall system, or (b) the new equipment has basically the same 
operating requirements and capabilities as the old. 
It is a rare case indeed when the installation of electronic 
data processing equipment meets the second of the above conditions. 
Unless the system has been operating with electronic computing equipment, 
the acquisition of a computer introduces a processing means widely 
different from prior equipment in terms of both operating requirements 
24 
and capabilities. 
Improvement in data processing systems can take one of two 
forms: a reduction in the costs of obtaining and processing data or 
an increase in the value of the information obtained so that it will 
be of greater use to management.*25 Without a doubt, any system can 
be improved; the question is what are the chances of achieving a 
particular degree of success and what expense must be incurred. Simple 
*Of course, a third form which is a combination of the two is possible. 
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logic reveals a fallacy in the practice of engaging in system improvement 
studies that will cost more than the savings produced either in reduced 
processing cost or increased information value. Likewise, the amount of 
analysis that is justified is related closely to the prospects for 
bettering the situation.26 In many cases savings are apparent and may 
be easily calculated. For instance, it is not a difficult matter to 
calculate the cost of maintaining a certain level of inventory. Space 
costs, insurance expenses, spoilage allowances, and other costs are 
currently maintained by the system. If the new system shortens the 
time lag between the origination of data affecting inventory and the 
actual adjusting of the inventory condition, i.e., makes the system 
more responsive to the factors affecting the inventory, it is probable 
that a lower investment in inventory would be permitted. A calculation 
of the cost differential between the higher inventory level and the 
lower level can be determined without great difficulty. In other cases 
savings arising from the ability to make better decisions as a result 
of the availability of better information are not as apparent. Savings 
or benefits are unquestionably present. What is missing is a means of 
measurement; nevertheless, value can be assigned. This work will not 
delve into the various methods of value assignment that have been 
suggested, but it should be noted that a determination of savings 
accruing from these intangible factors is possible. Such an evaluation 
of improvement worth should be attempted by management. Failure of 
management to recognize the value of the intangible aspects of their 
decision making process, even though such recognition may be difficult 
to express in concrete terms, can be a serious shortcoming that may 
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even extend to jeopardizing the company's attainment of its overall goal. 
The intensity or depth of the system study is also related to 
cost. Additional analysis is usually justified as long as the resulting 
improvement exceeds the cost of the added analysis. Continued analysis 
in depth is of most value when the potential improvements are still 
occurring rapidly, especially when the improvements are growing more 
quickly than the analysis costs. 27 This latter view is called the theory 
of marginal benefit by the writer. 
System construction, from a procedural aspect, may be approached 
in three ways, depending on the degrees of freedom afforded the system 
designer. One approach would be to begin with output requirements and 
then decide what processing techniques and input data are needed for 
28 . producing the output. Th1s method is primarily adapted to the design 
of a new system. In such a case the designer, with a statement of system 
objectives and information requirements in his possession, has a wide 
range of freedom in selecting the processing methodology and in formu-
lating the input data needs. 
In most cases the designer is more restricted; the character-
istics of the existing system must be considered, and this imposes certain 
limitations on the designer. New objectives, new information requirements, 
and new processing equipment have been decided upon, but these must be 
absorbed into the organization with a minimum of upheaval. The designer, 
then, is confronted with the difficult task of constructing a system in 
accordance with the new philosophy while minimizing any adverse impacts 
on the smooth functioning of the present organization. He is restricted 
in this case to determining what input data will be available and devising 
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the processing procedures to meet the output requirements; he must 
examine existing input data and attempt to meet the information needs 
of management from the data currently being used. It is evident that 
he may not in all cases be successful, for there is a high probability 
that the new information desires of upper management require data not 
currently being produced. The designer then must attempt to determine 
how this data can be obtained and be in a position to advise upper 
management concerning the cost and current system modification needed 
to obtain the requested information. He must also be ready to apprise 
his management superiors of his opinion as to the feasibility of meeting 
their information requirements. 
When still additional restrictions are encountered, a third 
approach is to begin with the areas where the latitude for modification 
is limited and work from these constrained areas toward areas that are 
more free. This procedure reduces the number of complete system revisions 
that may be necessary to insure that the system conforms with the require-
ments imposed. 
The system designer will generally find less stringent limitations 
existing on his freedom to change processing methods than on his freedom 
to modify the input and output characteristics. 29 Accordingly, the 
following portion of this paper will be oriented toward the second of the 
approaches enumerated above: the procedural aspects of constructing a 
data processing system using electronic means for processing within a 
framework of established output information requirements and existing 
input characteristics. 
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Introduction 
IV. THE PROCEDURAL ASPECTS OF ELECTRONIC 
DATA PROCESSING SYSTEM CONSTRUCTION 
The preceding portion of this thesis has been concerned with 
a general discussion of system development. A consideration of these 
general factors pertaining to EDP system development should be the first 
goal of a system manager; in order to do a proper job in designing and 
implementing a data processing system he must be well grounded in the 
general fundamentals of systems and procedures relative to the instal-
lation of electronic means. Of equal importance, though, is the need 
for the system manager to be thoroughly familiar with the technical 
phase of system evolution. He must not only be able to comprehend the 
theoretical matters of system design, but must be in a position to apply 
his theoretical understanding to the needs of his company; he must be 
able to develop and apply a system development plan. 
The System Development Plan 
A most important aspect leading to the successful installation 
of an electronic data processing system is the establishment, maintenance, 
review, and execution of a sound, realistic system development program. 
This program should encompass all of the functions which must be com-
pleted from the original decision to install an EDP system until full 
production on it has been achieved. In organizing this plan, there are 
no magic formulas; nor are there any definite schedules or rules which 
can be wholly applied. A system development program, to be of maximum 
benefit, must be custom-fitted to the conditions, objectives, and 
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requirements of the user organization. Some of the advantages of using 
a system development plan are -
(l) It results in a concrete, orderly, logically documented 
approach to system development that may be presented to 
upper management and reviewed with operating personnel. 
(2) It permits a task breakdown which assists in assigning 
work and responsibility. 
(3) It allows a projection of tasks against a time schedule 
which enhances the probability that the system will be 
ready when the equipment is operable. 
(4) It enables an evaluation of progress and indicates where 
work should be reviewed and checked. 
(5) It assures progress from start to completion with the 
most effective use of manpower and time. 
(6) It facilitates the incorporation of system changes and 
indicates clearly the effect on the overall effort. 
The first step in the system development plan is obtaining a 
written statement from management pertaining to their system objectives 
and information needs. This will form the nucleus around which the 
system will be built. It is necessary, therefore, that this statement 
be explicit and complete. The statement should be more than a vague 
generalization of management wishes; it should spell out in detail 
management's expectations in each applicational area (i.e., payroll, 
order processing, purchasing, production control, etc.) giving the system 
designer a firm starting point for his work and insuring, to the highest 
degree possible, that the result of his work will be a structure 
56. 
possessing the utmost utility to the enterprise. 
Using the statement of needs and objectives, the system designer 
proceeds to formulate a system definition in terms of the computing equip-
ment to be used. System definition involves a recasting or redefining of 
the original statement of application area requirements. System require-
ments remain the same; all that has changed here is the point of view. 
Application area narratives, which are computer oriented descriptions 
of the general processes to be done by the computer in each area, are 
written. These should include an explanation of any special cases present 
and the extent and possible method that they will be handled by the com-
puter. Also, at this point, preliminary analysis of the input, output, 
and processing requirements* should be undertaken. Initial contents of 
the output reports should be designated and documented, and the data 
needed to construct these reports should be determined. This procedure 
is applied to each applicational area in the system. 
Usually, each application area is too large, either from an 
analysis standpoint or in terms of computer capacity, to attack directly. 
This requires a division into sub-areas that are logical sub-units of the 
larger area. In many cases the division of the area is obvious by the 
nature of the area itself, while in other instances a careful segregation 
of requirements must be undertaken to properly perform the separation. 
In any event, each sub-division will have particular characteristics 
that set it apart from all other sub-areas. Two possibilities exist on 
which to base the division of application areas: separation by function 
*Processing requirements, as used here, include a consideration of data 
manipulation characteristics and reference data requirements. 
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or separation by time schedule. Separation by function is based on the 
type of job to be accomplished in the sub-area. A breakdown of a payroll 
area into a payroll file maintenance sub-area, a payroll input data 
preparation sub-area, and a payroll report preparation sub-area is an 
example. Separation by time schedule is based on elapsed time periods, 
e.g., daily, weekly, monthly, annually. An example of this, again using 
the payroll area, would be a division into sub-areas concerned with daily 
processing of time cards, weekly file maintenance and report preparation, 
monthly labor summary preparation, and annual W-2 statement preparation. 
It is readily apparent that the particular segregation method 
adopted by an organization will be a combination of the above. Application 
areas naturally adapt themselves to both types of sub-area segregation. 
In the payroll area, for instance, certain functions must occur for 
proper processing to take place: data input preparation, file maintenance, 
and report preparation all are necessary for the proper processing of the 
payroll. These could be performed together, but if division became 
necessary these functions could logically be performed separately. The 
point here is that even if the functions are merged, the natural functional 
division potential remains. Nor must the possibility of division by time 
schedule be artificially created. The information requirements of 
management are expressed in terms of periodic reports. Thus, certain 
functions are required to be performed daily, weekly, monthly, and 
annually just to fulfill these requirements. Also, periodic requirements 
are often superimposed on the natural functional processing, primarily 
the report preparation functions. An illustration of this would be 
the establishment of a monthly labor summary report sub-area from the 
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payroll applicational area. This sub-area would be segregated both by 
function (report preparation) and by period (monthly). 
The end product of the period of study relating to the establish-
ment of the sub-areas will be narrative descriptions of each sub-area. 
These descriptions will be in greater detail than those for the larger 
areas. After all the sub-area narratives have been completed, they 
should be compared and combined to confirm that the requirements for the 
entire area have been met. 
In developing each area or sub-area it is first necessary to 
analyze the documents presently being produced. The objective is not 
to duplicate the present output reports but to determine what information, 
if any, is currently being produced that is applicable to the new in-
formation requirements. This forms the basis for dropping non-applicable 
information from the system and for pinpointing the information shortages. 
It also enables the system designer to see if current reporting practices 
in any area totally satisfy the new requirements (as in cases where the 
new output reports have been specified as being identical with current 
reports). In this way he is able to construct a picture of what the new 
requirements will be in each area, giving him the first indication of the 
size of his task. 
Next, the output requirements must be related to the available 
input, since all output information is logically or mathematically de-
rived from some preceding input of relevant data. If present input is 
not adequate to produce the required output, the system manager must 
determine where and how this data can be gathered and evaluate the 
feasibility of incorporating this into the system, documenting his 
59· 
findings for later reference. 
The last step in the preliminary system definition study is a 
relation of the input and output requirements to machine capabilities. 
Although electronic devices are highly capable, accurate, and extremely 
quick, they are not the answer to every problem simply because they 
just cannot economically or practicably handle every problem; they 
have limitations. Making upper management aware of these limitations 
is perhaps the most formidable task of the system manager. In every 
phase of his work, the system designer must be careful to rationalize 
and document his findings. A form for systematically recording the 
data collected to this point is illustrated in Figure 10. 
The First Review 
With the preliminary study completed, the system manager is 
in a position to review his findings with upper management. Each appli-
cation area should be reviewed in terms of available input data, proc-
essing requirements, and output information needs. Top management must 
consider each area in which a deficiency in input data exists and decide 
whether their original information demands require modification. In a 
like manner, they must dispose of the processing problems. The two 
alternatives in this case are: change the equipment configuration (and 
this an equipment manufacturer will readily do, especially if the comple-
ment is increased) or, again, face a modification of the information 
needs. Top management is usually proficient in determining the merits 
of their demands for information but very often are not able to place 
these demands in proper perspective to the computer system. The system 
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PRELIMINARY APPLICATION DEFINITION 
Application Area or Sub-Area: 
Payroll - Departmental Labor Report Preparation 
Application Narrative: 
Using input from Payroll Calculation area, match actual labor 
dollars with standard labor for each department and compute dollar and 
percentage labor variance; develop Departmental Labor Report. 
Output Information Desired: 
Description 
Department Number 
Foreman's Name 
Actual Labor 
Standard Labor 
Variance Dollars 
Variance % 
Inputs Required: 
Identification of Report* or Origin** 
Form 44 
Production Office 
Form 44 
Form 44 
Form 44 
Form 44 
Source 
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Description 
Department Number 
Actual Labor 
Payroll Time Cards - Payroll Dept. 
Computed by Payroll Dept. 
References Required: 
Description 
Foreman's Name 
Standard Labor 
Source 
Production Office 
Form 714 - Payroll Dept. 
Comment: Departmental Labor Report corresponds to current Form 44 except 
for the Foreman's name requirement. This data is currently available in 
the Production Office but is not now part of the data processing system. 
Since this data is in the nature of reference material no problem is 
envisioned in incorporating the data in the proposed system. It will be 
necessary to convert the Foremen's names and place these on the reference 
file with the standard labor data, but this will be essentially a one-
shot affair. Except for infrequent changes in foreman personnel (Personnel 
Department experience indicates a low foreman turnover} and labor standards, 
the reference file will be static. 
*If currently being produced 
**If not an output of the existing system 
Figure 10 - Preliminary Application Definition Form (Completed} 
designer plays an important role in meeting the needs of management in 
this regard. He is a specialist in electronic data processing system 
construction and is capable of providing management with well formulated 
facts and opinions on all phases of the EDP system. In this first system 
review, he should be sure that the management personnel are well apprised 
of the technical implications of including the input data found lacking 
in any area, and he must inform management of any processing problems 
created by output information requirements. He must also be in a position 
to offer his opinion, supported by fact and logical reasoning, on any of 
the problems under consideration. In this first appraisal and in the 
work to follow these general principles should be remembered -
(1) The system development plan for any given information 
handling system must reflect data characteristics, equip-
ment characteristics, information needs, and the sequence 
in which the various operations must occur. 
(2) A thorough and detailed analysis of sources of data and 
destinations of information is always essential. 
(3) Information requirements may be expressed in the ideal 
sense, but it must be realized that no electronic data 
processing system will completely and entirely satisfy 
economically or practicably all the requirements that 
have been stipulated; flexibility and compromise are 
key factors in system development. 
(4) Successful system construction and implementation hinges 
on adequate planning, periodic review of progress, and 
prompt disposition of indicated modifications. 
Structuring The System 
With the first system check point completed, the system designer 
is now in a position to structure the system. He begins this phase of 
system development by again concentrating his attention on the application 
areas and sub-areas. Whereas his prior analysis was conducted primarily 
to uncover points of conflict and potential difficulty, the system manager 
now devotes his energy to implementing the decisions made by his management 
superiors and in developing an overall picture of the future system. A 
review is made of the area and sub-area narrative descriptions and changes 
made as needed. In some instances modified information requirements will 
necessitate a revised breakdown of application areas. Detailed docu-
mentation of output and input is accomplished in this phase. If existing 
output reports are to be retained in some areas, copies of the reports are 
obtained; if new reports are to be prepared, the new formats are drawn 
and included. The items needed as input data for each area and sub-area 
are determined and recorded; reference data layout is completed. The 
elements of the input, output, and reference records can be conveniently 
recorded on data sheet forms (Figures 11, 12, and 13). 
Next, the system manager seeks to integrate these area and sub-
area portions of the system to form an overall working electronic data 
processing system. A convenient procedure to employ in this operation is 
the construction of a system block diagram or chart. This vehicle pictures 
in graphic form each area and sub-area, clearly depicting their inter-
relationships and interdependence and showing the flow of data through 
each area. A set of symbols, each representing an aspect of a data 
processing operation is used in constructing this chart. Although the 
ELECTRONIC DATA PROCESSING DATA SHEEr 
Area or Sub-Area: Payroll - Departmental Labor Report Preparation 
Type of Data : 
Input x 
output 
Reference 
Identification: Actual Labor Input 
Source or Disposition: Payroll 
Calculation 
Sequence: Ascending by Dept. No. Schedule: Weekly 
No. of Records or Pages: 300 Output Document Description: N/A 
Comments: Type: 
Size: 
No. of Copies: 
Item No. Description No. of Chars. 
1 Department Number 3 
2 Actual Labor Dollars (xxxx.OO) 6 
Total Characters 9 
= 
Figure 11 - Data Sheet With Input Data Documented 
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ELECTRONIC DATA PROCESSING DATA SHEET 
Area or Sub-Area: Payroll - Departmental Labor Report 
Type of Data: 
Input 
Output 
Reference 
X 
Identification: Departmental Labor 
Report {New Form 44) 
Source or Disposition: Payroll Dept. 
Sequence: Ascending by Dept. No. Schedule: Weekly 
No. of Records or Pages: 10 Output Document Description: 
Comments: Form 44 attached Type: Preprinted Form 44 
Size: 8 1/2" x 11" 
No. of Copies: 4 {1 orig., 3 carbons) 
Item No. Description No. of Chars. 
1 Department Number 3 
2 Foreman' s Name 15 
3 Actual Labor (xxxx.OO) 6 
4 Standard Labor (xxxx.OO) 6 
5 Variance Dollars {xxxx.OO) 6 
6 Variance % (xxx.O) 4 
Total Characters 
= 
Figure 12 - Data Sheet With OUtput Data Documented 
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ELECTRONIC DATA PROCESSING DATA S:HENI' 
Area or Sub-Area: Payroll - Departmental Labor Report 
Type of Data: 
Input 
Output 
Reference x 
Sequence: Ascending by Dept. No. 
No. of Records or Pages: 300 
Comments: 
Source of Labor Standards -
Payroll Dept. 
Source of Foremen's Names -
Production Office 
Identification: Departmental 
Standard Reference 
Source or Disposition: N/A 
Schedule: Weekly 
Output Document Description: N/ A 
Type: 
Size: 
No. of Copies: 
Item No. Description No. of Chars. 
1 Department Number 3 
2 Foreman's Name 15 
3 Standard Labor Dollars (xxxx.OO) 6 
Total Characters 24 
Figure 13 - Data Sheet With Reference Data Documented 
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system designer is free to select the particular symbols to be used, he 
should establish a set of standard symbols that will be used consistently 
to avoid confusion. An example of one scheme of charting symbology is 
presented in Figure 14. A more elaborate configuration can be devised, 
but those presented are adequate to graphically display the system and 
have the advantage of simplicity. Using the established symbols and the 
documentation of the input, processing requirements, and output, the 
system manager proceeds to outline each area and sub-area in symbolic 
form. Figures 15 and l5A, as an example, illustrate the system chart 
for the payroll area with a designation of the.Departmental Labor Report 
sub-area, showing its place in the payroll area. 
An explanation of the area illustrated will clarify this 
portion of the system designer's job. The basic raw input data to the 
payroll area, time card data and status change data (e.g., rate changes, 
deduction changes, address changes), are first checked by the computer 
for accuracy with rejected data being immediately reported. Such 
things as numeric data.in alphabetic fields, alphabetic data in numeric 
fields, incorrect record length, and quantities under or over predetermined 
bracket limits are checked in this computer run. It is advisable to 
establish a computer run of this type at every point that raw data are 
fed into the electronic system to preclude the possibility of accepting 
and processing incorrect data or at least to reduce to a minimum the 
probability of such an occurrence. Accuracy checking is not confined only 
to initial runs. Every computer run in the system should have incorporated 
in the processing program features enhancing processing reliability. It 
is the system designer's responsibility to see that this is done. The 
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Punched Paper Tape 
( Punched Card 
0 M3.gnetic Tape 
Printed Document 
Computer Process 
Data Flow 
0 Computer Process Designation 
Figure 14 - System Charting Symbols 
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69. 
,..., - - - - - - - - - - - - - - - - - - - - -. 
Time Card Data 1500 
Status Changes 75 
Edit for Accuracy ~--------------~ 
1575 
Corrected 
Data 
'----------Sort by Employee 
Number 
1575 
Update Employee 
Reference File, 
Compute Pay, Print 
Payroll Checks 
To Next 
Page 
Figure 15 - Area System Chart 
Payroll 
Checks 
1500 
Checks 
~ From Preceding Page 
~----~L-----~~ 
Prepare Payroll 
Summary Report 
The Payroll - Departmental 
Labor Report Sub-Area 
Payroll 
Summary 
Report(Form4L) 
30 Pages 
From Preceding Page 
Prepare Department 
Labor Report 
Departmental 
Labor Report 
(Form 44) 
10 Pages 
Note: The payroll sub-system illustrated here is necessarily abbreviated 
and simplified for ease in presentation and should not be construed 
to represent a standard payroll computer sub-system. 
Figure 15A - Area System Chart (Continued) 
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data rejected by the first run in the payroll area may be verif~ed 
immediately and resubmitted or, depending on the nature and importance of 
the deficiency, reinsertion may be delayed until the next processing cycle. 
Acceptable input data are written on magnetic tape for sorting in the 
next run. Data volumes, which are recorded beside the chart symbols 
describing the data, are useful in determining the area processing time. 
Since this is evidently a system based on the serial processing 
concept rather than on a random access concept, it is necessary to sort 
the input data to place it in the proper order for processing against 
the master file, which is in an identical sequential order. Generalized 
computer sort programs are provided by equipment manufacturers, so the 
system designer need not worry about constructing these programs. He is 
responsible for incorporating these programs into the company's system, 
though, so he must familiarize himself with the operating techniques of 
these programs. 
The next computer run (PR-3) is the major run in the payroll 
area; this run modifies the master employee data contained on the 
reference magnetic tape according to the input data, calculates the 
payroll, prepares the payroll checks, and writes, in the form of magnetic 
tape, the summary data needed for preparing the payroll summary report 
and the departmental labor summary report. The reference file contains 
all the payroll data pertaining to each of the 1,500 individuals employed 
by the company. Here, in a single central source, may be found such 
items as employee number, name and address, social security number, pay 
rate, department assigned to, dependency data, withholding data (union 
dues, insurance, bonds, income tax), quarterly earnings to date, and 
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yearly earnings to date representing a consolidation of many diverse 
files maintained in the previous system. Furthermore, the "making current" 
or updating of the reference material is now accomplished in one central 
operation, which means that the processing is in phase and more accurate 
than when the posting of the individual employee records was done by 
different people either manually or in different machine operations often 
at different times. As an example, consider the problem of posting 
employee rate changes. In the prior system rate changes were probably 
posted periodically by various clerks having responsibility for different 
segments of the working force. As a result, any interim reference to the 
employee master data, unless carefully controlled, could conceivably 
produce results that are not in phase, i.e., the extracted information 
may be based partly on old data and partly on new. Central, all-at-once 
computer processing removes this inconsistency. 
The remaining parts of the payroll area, the payroll summary 
and departmental labor report sub-areas, are concerned with preparing 
the required payroll reports from the data provided by the main processing 
computer run. For control purposes, each computer run is assigned a code 
designation. 
The above procedure is followed for each sub-area and area in 
the proposed system. Thus, there evolves a series of sub-systems. When 
all of the sub-systems have been completely defined, they must be inte-
grated into a final overall system. In combining the sub-systems, data 
sheets must be checked for continuity between the various sub-systems. 
The system as a whole must be examined for continuity also; this 
continuity will be in terms of time. Data must be ready to flow from 
one sub-system to the other when required by the second sub-system. In 
addition, the entire complex must be tested for completeness and efficiency. 
Duplications must be eliminated and omissions must be corrected. In some 
cases compromises will necessarily be exercised between the various sub-
ordinate systems to insure maximum efficiency in the total system. The 
overall system should be analyzed in terms of the original objectives and 
information requirements, and any deficiencies should be noted for later 
review with higher management. 
The result of the integration of the sub-systems will be a 
complete systems chart, data sheets showing all data that passes through 
the system, and narrative descriptions of all the computer process runs 
involved in the system. The time involved to complete the sub-system 
analysis and the integration of the sub-systems will vary depending on 
the complexity of the system construction task, but this work must not 
be rushed. Errors or inconsistencies which remain in the system beyond 
this point become increasingly costly and difficult to correct. For 
this reason, it is advisable at this time to again review the system 
with upper management. 
The Master Plan 
Before this is undertaken, however, the system designer should 
perform one more task: the development of a master plan. The master plan 
is a blueprint of the jobs to be done, grouped by category, projected 
against the time interval available to complete the EDP system. This 
control device, an important part of the system development plan, is used 
to plan the tasks to be completed in accordance with when they should be 
done and to evaluate the progress being made, permitting a prompt 
recognition of trouble areas before they have a chance to jeopardize the 
success of the entire system activity. The master plan also serves as 
the basis for a further sub-divison and scheduling of functions. Figure 
16 presents an example of a master plan. The twelve categories shown 
thereon may be defined as follows: 
(l) Run analysis. Although a certain degree of analysis has 
already been performed, this has been on an overall basis with the idea 
of formulating the EDP system and is not as detailed as the analysis that 
is required to actually develop a computer operable program. The analysis 
completed to this point provides a starting point for the detailed run 
analysis. Data sheets outlining the input and output data characteristics 
and the accompanying procedure narratives for each sub-system computer run 
are completely and exhaustively analyzed in terms of producing an ultimate 
working computer program. Emphasis during this analysis stage shifts from 
determining the nature of a prospective system to actually developing a 
working system. A shift from planning to implementation occurs. The 
end result of this analysis is an expression of the processing requirements 
in terms of the minute logical steps needed to transform the input data 
into output which is commensurate with the established information 
requirements. 
(2) Run logic charting. The logical steps developed in the 
preceding analysis phase are expressed by a logic chart, which, similar 
to the system chart previously described, is a graphic representation of 
the situation. Again, a set of standard symbols should be established to 
insure uniformity and compatibility (Figure 17). The logic chart is not 
oriented to the particular computer to be used; in fact, it need not 
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Run Analysis 
Run Logic Charting 
Run Detail Charting 
Run Coding 
Run Pretesting 
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Conversion of Reference Files 
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System Changeover 
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0 Magnetic Tape Operation 
Paper Tape Operation 
( Punched Card Operation 
Computer Decision Step 
All Other Computer Steps 
Operation Flow 
Figure 17 - Logic and Detail Charting Symbols 
necessarily be related to a computer at all. Rather, it is problem 
oriented; that is, it is centered on breaking the problem down into the 
smallest elements of action necessary to attain the problem objective. 
The motive behind this activity is, of course, computer related. A 
computer operates on the basis of simple elemental actions: add one 
figure to another, move data from one storage area to another, multiply 
one figure by another, suppress leading zeros. Each elemental step is 
performed by the computer in sequence, one step following the other. 
This mode of operation is not unlike our own action. All human activity 
is made up of elemental, basic sub-steps. Usually, one does not bother 
to analyze a particular activity in such detail as to become cognizant 
of these elemental sub-steps, but instead one tends to perceive the action 
in its entirety. The act of rising from a chair, for example, is usually 
interpreted to be a single action, although it is actually a coordinated 
movement comprised of a number of sequential elemental steps. If the 
operation were analyzed in terms of elemental operations, it might be 
found to be comprised of the following steps: 
a. place both feet squarely on the floor 
b. grasp the chair arms with both hands 
c. apply a pushing pressure on chair arms while simultaneously 
pushing with legs 
d. as the majority of weight is placed on legs, release 
grasp on chair arms 
e. continue straightening legs until in an upright position. 
This example may be somewhat nonsensical, but it serves to illustrate 
the point: an overall action is made up of a number of sequential sub-steps. 
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Thus, to solve a problem (an overall action) with a computer, which 
understands only commands expressed in sub-operations, it is necessary 
to establish the particular sub-operations and the sequence in which 
these sub-operations must be executed to accomplish the desired end 
result. 
Logic charts are used for two purposes. First, the charts 
serve as guides in the preparation of the computer programs. To achieve 
this purpose, logic charts must contain a complete definition of the 
solution of the problem proposed in the processing narrative, with all the 
basic steps required in the processing of the data shown. The second 
purpose of logic charts is to provide a means of communication with 
people who are not trained in computer work. These people are interested 
in what is being done with the data and not with the mechanics involved. 
As the logic charts are problem oriented and the steps are expressed in 
common business language rather than in computer codes, these charts may 
be read and understood by people having a grasp of the problem to be 
solved but not equipped with a comprehension of computer terminology. 
An example of a portion of a logic chart is shown in Figure 18. 
(3) Run detail charting. Detail charts are a translation of 
the logic diagrams into graphic pictures that are computer oriented 
rather than problem centered. The procedure is much the same as that 
for the creation of a logic chart, but here the characteristics of the 
particular computer receive the emphasis. The elements of a detail 
chart depict each elemental step needed to solve the stated problem 
in terms of specific computer language. The same symbols used to 
construct the logic charts may also be used for detail charting. 
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Logic Chart for Payroll - Departmental Labor Report Run 
Ref. Dept. # Higher 
than Actual Labor 
Dept# ------1 
Subtract Actual 
Labor from Std. 
Labor to Develop 
Varia ce 
Divide Actual 
Labor by Std. 
Labor for Var.% 
Prepare Dept. 
Labor Report 
Print Report 
Figure 18 - Logic Chart Example 
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Figure 19 illustrates a detail chart. 
(4) Run coding. Coding is the recording of the elemental 
steps shown on the detail chart in a form suitable for machine use. Each 
elemental step on the chart becomes a computer understandable command 
called an instruction (a computer elemental step). The instructions are 
written and will be executed by the computer in the sequential order 
needed for proper problem solution. This sequential order was suggested 
in the analysis phase, recorded on the logic chart, carried through to the 
detail chart, and is now reflected in the actual computer instructions. 
Painstaking care must be exercised here to prevent inaccuracies which 
will cause later difficulties in test running the program. Figure 20 
presents an example of one type of coding. 
(5) Run pretesting. This step is an important one in the 
master plan and often tends to be forgotten in the excitement and pressure 
of putting something on the computer. Pretesting is a simulated running 
of the program with the created test data.* This is accomplished with-
out the aid of the computer by the individual responsible for the program. 
In this way many obvious errors are caught without the necessity of using 
costly computer time. 
(6) Run testing. Although many, and perhaps even all, errors 
will be uncovered in the pretesting phase, the program must be tested 
actually running on the computer, for it is on this device that it will 
*Test data are input data and reference data that have been developed to 
simulate the actual data characteristics. They have been created with the 
idea of causing the execution of all the processing steps in the program 
and producing results that have been predetermined. 
Detail Chart for Payroll - Departmental Labor Report Run 
Ref. Dept.# > Actual 
Labor Dept. # 
Move Actual 
Labor to War 
Area #1 
Move Standard 
Labor to Work 
Subtract Work 
Area #1 from 
Work Area #2 
Move Result 
to 
Print Area 
Divide Work 
Area #1 by 
Work Area #2 
Ref. Dept. # <.. 
Actual Labor 
Dept. # 
Figure 19 - Detail Chart Example 
Move Result 
to 
Print Area 
Move Foreman's 
Name to Print 
!\rea 
Move Dept. # 
to Print Area 
Print Dept. 
Labor Report 
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Program: Payroll - Departmental Variance Reports 
Ipstr. Oper. Number First Second 
Address Code Code Address Address Remarks 
1000 R 1 6ooo 6oo8 Read an Actual Labor Record from unit 1 
1010 R 2 8ooo 8o23 Read a Reference Record from unit 2 
1020 c 3 8ooo 6ooo Compare Ref. Dept.#: Actual Labor Dept.# 
1030 B 1 1130 1010 Branch to 1130 if Ref.> or to 1010 if Ref. < 
1040 M 6 6oo4 9000 Equal Leg - Move Actual Labor to WA #1 
1050 M 6 8ol8 9500 Move Standard Labor to WA #2 
1060 s 6 9505 9005 Subtract WA #1 from WA #2 
1070 M 6 9505 4030 Move result to Print Area 
lOBo D 6 9505 9005 Divide WA #1 by WA #2 
1090 M 4 9505 4036 Move result to Print Area 
1100 M 15 8003 4oo4 M:>ve Foreman's Name to Print Area 
1110 M 3 Booo 4ooo !'-:love Dept. # to Print Area 
1120 p 0 4000 0000 Print Report 
1130 w 3 6ooo 6008 Write Actual Labor Record to unit 3 
1140 R 1 6000 6008 Read next Actual Labor Record 
1150 T 0 1020 0000 Branch Unconditionally to 1020 
Figure 20 - Coding Example 
and must ultimately operate. The program is run using the test input 
and reference data. Computer output results are then compared with the 
predetermined results. Any deviation from expectation must be resolved 
by searching the computer program for the cause. Corrections are applied, 
the program is run again, and output results are once more checked. This 
procedure continues until the computer produced output coincides in all 
respects to the expected result. 
(7) Area checkout. After the individual runs in a particular 
area have been thoroughly tested on an individual basis, they are tested 
together in an area checkout. Each area in the system is made up of a 
number of computer runs all related in some respect. Input data for 
one run in the system may be output data of the preceding run. Figure 15, 
which illustrates a payroll area system chart, shows this interrun 
relationship. The payroll - departmental labor report sub-system, for 
example, requires, for its input, data created in the preceding update 
run (PR-3). It is necessary, therefore, to test not only the sub-system 
independently, but to test its compatibility with the other portions of 
the area. In area checkout the individual test data are not used. In-
stead, a representative amount of initial input test data* and reference 
data wherever needed is used. The processing programs are then test run 
in normal operating sequence with the data flowing from run to run in the 
same manner in which they would during actual operation. Area compatibility 
is thus verified. 
*This refers to initial input to the area to be checked and not 
necessarily to the overall system. 
(8) Conversion of reference files. Since reference data are 
probably maintained in the current system in a form not adaptable for 
computer use, e.g., reference data currently in the form of hard copy or 
punched cards instead of the desired magnetic tape, provision must be 
made in the proposed system to translate or convert the reference data 
to the medium required. This conversion process actually forms a 
separate system in the electronic data processing scheme, and it may 
be handled as such; nevertheless, it should be time integrated into 
the overall system to make sure that the conversion is completed by the 
time the basic system requires the reference data. Much of the conversion 
work proceeds indirectly. As each run is developed, the reference 
requirements for that run are studied in detail, so, when the actual 
conversion work is begun, much helpful information will be found in the 
run analysis documentation. In establishing the conversion system, the 
system designer should provide for thoroughly checking each record passing 
through the conversion process. Every item and every character should 
be checked, even at the cost of incorporating inefficiencies in the 
conversion operation, to guarantee that the output data is completely 
accurate. 
(9) Final documentation. After a run is completely checked 
and operating properly, it should be reviewed for complete and adequate 
documentation. The narrative description of the run process should be 
up to date and indicative of what is happening in the run; the charts 
referring to the run should be accurate and easily followed; data sheets 
describing the run input and output should be correct and representative 
of the data entering and leaving the run. 
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Final documentation is another area that is easily and often 
disregarded in constructing an electronic system. Again, the pressure of 
moving on has this effect; the program has been completed and is running 
satisfactorily, so there is a strong inclination to push on to something 
new, especially when a large volume of work remains. The reluctance to 
rehash the elements of a program that have been examined eight or more 
hours a day for the last four weeks also has a profound influence on the 
decision to engage in final documentation. Notwithstanding these in-
fluences, this final recording of supporting evidence is important for 
two principal reasons: 
a. The electronic data processing system is a dynamic 
structure; changes will be necessary to the system 
computer programs. This means an examination of the 
program to ascertain what areas are to be changed and 
how, and this means actually performing the modifications. 
Unless the underlying evidence supporting the program is 
clear, accurate, and easily followed, the incorporation 
of these changes will be hampered, decreasing the 
responsiveness of the system. 
b. Employee turnover may necessitate the assignment of 
program responsibility to an individual other than the 
person originally constructing it. If the program has 
not been properly documented, difficulty, often very 
significant difficulty, will be encountered in making 
the personnel changeover. 
(10) System checkout. This is identical in nature to area 
checkout except that now the entire system from beginning to end is test 
run and checked for compatibility. Again, a carefully controlled environ-
ment is established by means of test data. The final system test should 
be a very close simulation of actual operation conditions. In some 
instances, samples of actual data can be utilized. 
(11) Parallel run. To this point the system has been operated 
with test data. In the parallel run stage, the system is "put on the 
air" using actual data input, although the current system remains in 
operation also. This gives the enterprise an opportunity to evaluate the 
operation of the new system under actual operating conditions without 
giving up the security of the current proven system. Parallel running 
is continued until management is satisfied with the output of the new 
system and the manner in which it operates. 
(12) System changeover. After the new system is accepted by 
management, the old system is discontinued and complete reliance is 
placed on the new. The new system is formally accepted as being in 
operation. 
Each of the above categories is projected against a time sched-
ule as shown in Figure 16. Considerable overlapping of time may be 
found; the functions described are not separate or independent but 
flow into one another, representing phases of a continuous process. For 
this reason, it is entirely probable that, at any given moment of time 
in the process of system development, a number of functions will be 
occurring simultaneously. What is shown by the master plan chart is 
the time extremes for each category - - when each should begin and when 
each should be complete. The time span selected in the illustration 
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(24 months) should not be construed to be standard in any way. This time 
interval will vary depending on the nature of the system to be constructed 
and on the equipment delivery interval. 
The Second Review 
At the completion of the master plan development a second 
meeting with upper management should be scheduled by the system designer. 
The overall system chart should be presented to management in a general 
manner to give them an appreciation of the characteristics of the elec-
tronic system, but no detail explanation should be attempted unless 
management has a working understanding of electronic systems, for this 
would only result in confusion and misunderstanding. An indoctrination 
in the nature of electronic systems should be presented to management 
on a planned basis over the period of time that the system evolves. 
Management then will grow with the system and will be able to directly 
relate the principles offered to the actual system taking shape within 
the company. The most important part of this second meeting is the 
review of the master plan. As a first step in the education of manage-
ment, the system designer should explain, in a general fashion, each of 
the twelve categories appearing in the master plan and the time allotted 
to each. 
Special attention should be applied to the freeze or static 
period. The freeze point represents the point of no return. Prior to 
this point, changes in the developing system can economically be handled; 
however, as the system nears the freeze point, the adoption of changes 
becomes less and less feasible until, finally, a point is reached, 
usually just prior to the area checkout phase, beyond which proper 
implementation of changes requires so much rework that the costs involved 
are for the most part not justified, and the time needed to incorporate 
the changes may be extensive enough to adversely affect the success of 
the entire project. This is not to say that all changes must be rejected 
categorically. A system shortcoming serious enough to cast doubt over 
the validity of the overall system, or a significant portion thereof, 
must obviously be corrected or the system is of limited use. Nor does 
the adoption of a system freeze period apply to the system after it has 
been in operation for a time; for now the benefits of operating with 
the new system are being realized and the rework needed to make the changes 
can be accomplished without the danger of postponing the realization of 
these benefits. Every proposed change during the freeze period, then, 
must be carefully examined in terms of its effect on the system; changes 
that are not critical must be postponed. In this matter the system 
manager must elicit management cooperation and support. 
Constructing the System 
With the design of the system completed, work can now begin on 
the actual system construction. The system manager assigns responsibility 
for the various areas in the system to the various members of his pro-
grammer-analyst staff who will complete the first nine steps of the master 
plan for the particular area or areas assigned to them. The programmer-
analysts will also assist in completing the remaining steps when it becomes 
necessary to integrate their area or areas into the total system. 
In order to control the development of the assigned areas, it 
is necessary to construct an area schedule. This is a sub-division of 
the master plan in terms of the first nine categories. The work needed 
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to complete each run in each area is projected against the total number 
of weeks available to finish the entire task. An example of a portion 
of such a form appears in Figure 21. Here it is apparent that programmer-
analyst Smith will be busy with the payroll area for an estimated five 
months. Furthermore, the schedule shows the time expected to be spent 
by Smith on each programming function in each run for which he has 
responsibility. His actual progress in each area can be compared to 
the projection, and either time shortages or time availability can be 
detected early enough to successfully adjust the overall system schedule. 
It should be recognized that, while the work is scheduled to be completed 
in a sequential manner viz., work on one run is scheduled not to begin 
until work on the preceding run has been completed, a programmer-
analyst may in reality be performing work on a number of runs concurrently. 
A temporary lack of information, the inability to have computer time when 
needed, or a variety of other reasons may require the programmer-analyst 
to defer working on a particular run until such time as these problems 
are resolved. In the meantime he will concentrate his effort on another 
task. This is of no consequence to the system manager provided the 
overall area schedule is met. 
At this time also, the system manager should establish a policy 
of holding periodic progress meetings with his staff, preferably on a 
weekly basis. He may, in addition, desire to obtain a permanent record 
of work progress to use in future planning. A form such as that appearing 
in Figure 22 can be used as this record. 
The programmer-analyst must be impressed with the necessity of 
bringing forth to the system manager any problems that he cannot resolve 
Run Area Programmer-
No. Analyst Run 
Payroll - Smith 
PRl Edit for Accuracy 
PR2 Sort by Dept. #* 
PR3 Update Run 
PR4 Payroll Summary Run 
PR5 Departmental Labor Repor 
Run 
Key: A-Analys1s 
L-Logic Charting 
0-Detail Charting 
C-Coding 
P-Pretesting 
T-Testing 
F-Final Documentation 
l 
PROJECT SCHEDULE 
Month 1 
2 3 4 5 
AlL l D l C lp 
Month 2 Month 3 Month 4 Month 5 
l 2 
T ~~ 
I 
3 4 l 2 3 4 5 l 2 3 4 l 2 3 4 5 
;, I L I D I c I~ T IFI 
~~~or )IT IFl 
l~ltfHTf 
*Provided by equipment manufacturer - need r1ot 
be scheduled. 
Figure 21- Example of a Project Schedule (Partially Complete) 
!Vtonth 6 
l 2 3 4 
-a 
0 
. 
Name: Smith 
Area: Payroll 
Run No. Description 
PR-1 Accuracy Edit 
PR-2 Sort by Dept. # 
PR-3 Update and Calculate Pay 
PR-4 Payroll Summary 
PR-5 Departmental Labor Report 
(1) Key: N-Not Started 
A-Analysis 
L-Logic Charting 
D-Detail Charting 
C-Coding 
P-Pretesting 
T-Testing 
F-Final Documentation 
ELECTRONIC DATA PROCESSING SYSTEM 
WEEKLY PROGRESS REPORT 
Total Est. Sched. 
Current Time % Compl. Compl. 
Status Spent Complete Date Date 
[i) (2) (3) (4) (4) 
T 5 90 2/20/62 2/27/62 
- - - - -
A 2 75 4/14/62 4/7/62 
A 1/2 50 5/5/62 5/5/62 
N 
- - -
6/2/62 
!2) In Weeks 3) Of Present Activity 4) Of Entire Run 
Figure 22 - Weekly Progress Report (Completed) 
Week Ending: 2/17/62 
Remarks 
(Continue on Reverse 
if Necessary} 
Provided by Manufacturer 
Problem in firming pay 
check format 
\!) 
I-' 
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within a reasonable length of time. The need to meet the time schedules 
established cannot be overemphasized; just one run in one area incomplete 
when it should be complete can, and often does, hold up the implementation 
of the entire system. Proper planning, which recognizes the indis-
pensability of frequent progress reviews, can do a great deal to limit 
the chance of this happening.30 
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V. HUMAN RELATIONS AND THE EDP SYSTEM 
Surprisingly, one of the most difficult areas of concern that 
the system manager has to cope with in installing an electronic data 
processing system is not technical in nature, but rather involves human 
relations. Serious consequences have often resulted from a failure to 
recognize the importance of an educational program. In one company 
with an inadequate education program, the system manager, after a long 
period of preliminary analysis constructed an overall system chart. 
During analysis the system manager reviewed the charts with each 
operating department supervisor to see if the work was accurate and 
complete. In almost all of the departments the supervisors agreed 
completely with the system described in the charts, even though most of 
the supervisors had only a slight idea of the capabilities of the equip-
ment. The supervisors even indicated their acceptance by initialling 
the charts. When the system was presented to management, it was 
immediately approved. Work commenced and the system as originally 
specified was installed. Almost without exception, the department 
supervisors expressed their discontent with the operation of the system. 
Additional requirements were added, which meant that the system had to 
be modified with great frequency. Management, having no appreciation 
of the length of time required to prepare the original programs and 
the problems involved in constantly revising them, not only supported 
the department supervisors in their requests for immediate system 
modifications, but sought to have the system manager and his group 
develop additional applications. The computer system, under repeated 
change, became a patchwork with a high error rate, low efficiency, and 
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computer usage far beyond that originally expected. Management, as a 
result, became highly dissatisfied with the computer system. This 
condition was caused by the lack of an adequate educational program.31 
Relationships at two levels are involved in this problem: 
relationships with upper management and relationships with operating 
department supervisors and their personnel. The two system review 
meetings held with upper management should represent only the beginning 
of an education program for these people. Early in the development of 
the proposed system a seminar should be held to familiarize top manage-
ment personnel with the capabilities and limitations of the particular 
equipment selected for use by the company and with the procedures that 
must be employed in the construction of the new system. Uninformed 
management usually view an electronic data processing system from one 
of two extremes: they are amazed and awestruck by a system that employs 
an electronic 11brain11 and therefore accept without question everything 
that the system produces, or they are suspicious of anything that is new 
or anything that they cannot understand and, as a result, refuse to 
accept any information issuing from the system. Neither of these 
extremes is desirable. The education program should serve to orient 
the top executives to a middle ground, a reliance on the system that 
is fortified with intelligent, analytic, logical reasoning. Particular 
attention should be directed toward the need for thorough and total 
cooperation from the personnel of the operating departments that are 
going to be affected by the electronic system; published and active 
top management support is a vital force in gaining this support from 
the subordinate personnel. Top management should also be impressed 
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with the need for careful, detailed preparation for the installation of 
an EDP system and with the significance of each step in the actual 
construction process. 
Assistance in conducting educational sessions can frequently 
be obtained from the equipment manufacturer. Such assistance can be 
quite beneficial, especially if the manufacturer provides participants 
that are on a level near that of the management audience. The use of 
outside help may serve to fix more firmly the importance of the topics 
under discussion than if the session were conducted solely by the system 
manager. 
A continuing program of management education should be in-
stituted by the system manager at periodic, preferably monthly, progress 
review meetings with top management. At these meetings the system manager 
should augment the progress review with informative material on electronic 
data processing system development. Thus, as the new system grows, 
management's appreciation and understanding grows along with it; the 
topics under review are directly related to what is currently happening 
enabling the management executives to "live" the experience. This tends 
to create a fertile learning environment. 
Of equal importance, or perhaps even of greater importance, 
is the education of operating department supervisors and their personnel. 
A business system is constructed to produce information - information 
about the enterprise. As such, it is not an end in itself but rather 
it is a tool, a tool dealing with data created in the numerous operating 
areas. Because the system is concerned with the manipulation of data 
from the operating departments of the company, it is imperative that an 
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atmosphere of close and harmonious communication be established and 
maintained between the people in the operating departments and the people 
concerned with constructing the system. This communication must be kept 
on as high a level as possible; personnel in the operating departments 
must freely offer information regarding their processing procedures 
and data characteristics. The most prominent hindrance to good commu-
nications on this level is fear. Individuals in the operating depart-
ments are usually not very well informed about electronic devices and 
systems. What little is known is often wrong, distorted, or misinterpreted. 
Unfortunately, the most prevalent belief is that the computer will "take 
over" and all the operating people will become subservient to it; 
people will lose their jobs or, at the least, they will lose their status. 
Accordingly, this fear is expressed, either overtly or covertly, by 
withholding information and by inventing reasons for disapproval and 
disagreement. 
The only answer to this problem is an extensive, consistently 
applied program of education to dispel employee fear and to foster a 
situation of approval, support, and involvement. This program should 
begin immediately after the decision to install electronic equipment is 
made and should continue throughout the construction and implementation 
period. The problem may be attacked from two angles: first, the 
operating employees should be exposed to the computer characteristics; 
and second, they must be made to feel necessary to the success of the 
undertaking (as indeed they are) and to feel that they are a part, an 
important part, of the entire operation. They should be stimulated to 
participate because they want to do so; they should become involved in 
96. 
the new system; they should become identified with it. 
A very good medium to use in educating and involving operating 
people is the company newspaper or bulletin. Here, the employees find 
information related to their activities; they feel identified with it. 
Here, then, is an opportune place for articles describing the computer 
and the system in easily understood language. Articles about personal 
happenings in the data processing and related areas are particularly 
effective. Memoranda from top management outlining in general terms 
the objectives of the new system and making specific mention of the 
impact now and in the future of the proposed system are very helpful in 
dispelling employee fear, increasing morale, and instilling an aura of 
cooperation and support. Also, of benefit are periodic tours of the 
data processing department, particularly the computer area, and group 
presentations. 
The staff members of the data processing department are 
another medium for establishing and maintaining good personnel relations 
in the organization. In their day-to-day activities, the data processing 
staff come into repeated contact with operating department people. 
They are seeking information which they need in performing their data 
processing task, to be sure, but this contact affords an ideal oppor-
tunity to "sell the system" in addition to soliciting the information. 
Not only will the requested information be more accurate and complete, 
but the general morale of the entire enterprise will be lifted. 
To guard ~gainst strained relationships, which can very 
easily occur, it is advisable that the EDP staff personnel remember 
the following points when dealing with people in the operating departments: 
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(1) The computer and the computer system should not be 
forced upon the operating people. Usually the operating people have 
questions about the new undertaking; the answers to these questions 
should be frank and factual. The computer should not be pictured as a 
giant brain that consumes paper work and eliminates jobs. 
(2) The present system should not be criticized. Operating 
people are aware of the inefficiencies of the present system and will 
ultimately volunteer such information. 
(3) The staff member should be interested in obtaining 
information; he should be a good listener and should not show in-
difference, lack of interest, or boredom to the statements of the 
operating people; he should be courteous, resourceful, polite, and 
respectful. 
(4) The staff member should solicit suggestions and recom-
mendations from the operating people; he should emphasize that it is 
important to maintain close communication with the operating element 
and that their ideas, opinions, and expectations are important.32 
Only with a full realization of the influence of a good human 
relations program can the successful implementation of an electronic 
data processing system come about. 
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VI. CONCLUSIONS 
The overriding purpose of an electronic data processing system 
is the production of information, information for the use of management 
in operating the enterprise; but the indiscriminate generation of 
information is to be avoided. Electronic devices have great capacity 
and speed; input data can be consumed with great rapidity and output 
reports can be generated in vast quantities, faster, in fact, than the 
user's ability to properly use them. An electronic data processing 
system is a tool of management. It should be used as any other tool: 
as a means to an end result and not as an end in itself. The idea of 
using electronic computers in business systems is relatively new; the 
glow and novelty of a new toy remains, to a great extent, to throw the 
situation out of perspective. A system employing an electronic computer 
can be powerful and economical provided management objectives are 
realistic and provided the system designer exhibits care in constructing 
the system. Complete, detailed planning with frequent,periodic progress 
review is indispensible to successful system building. 
The development of an electronic data processing system is not 
an easy task for the system manager. For the most part, he lacks a 
reliable precedent, a clear, workable statement of general principles, 
and even a clear definition of many of the terms he uses. As long as 
the data processing industry continues to exhibit the rapid growth that 
it has, these shortcomings will remain. The system manager cannot hope 
to implement a system that is one hundred percent current, for, in 
these dynamic surroundings, a system adopted in one month may quite 
99. 
probably be vastly improved upon the next. What can the system manager 
do then? Should he refrain from constructing a system for fear that it 
will become outmoded before it is placed in use? Certainly notl Progress 
is not made by waiting but by doing; improvement can come about only 
by proceeding from a point already reached. 
The purpose of this thesis is to establish a point of departure, 
to assemble, digest, and present in usable form the most current intelli-
gence on the development of an electronic data processing system. By 
defining data processing terms and concepts, by presenting the theoretical 
aspects of data processing systems, and by suggesting a procedural frame-
work for system construction, the author hopefully anticipates the ful-
fillment of this purpose. 
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APPENDIX A 
Summary of a System Development Plan 
The core of any successful data processing system is the 
creation and use of a system development plan. Construction of a 
sound system can be a formidable job, even under the simplest of 
circumstances. Many tasks must be accomplished; careful planning, 
execution, and follow-through are essential. The following table 
illustrates the many different areas usually encountered in designing 
and implementing an electronic data processing system. Included also 
are an indication of the relative time* allocated to each area, an 
identification of the organization function having action responsibility, 
and a text reference where a description of the area may be found. 
*Since the total time needed to install a particular system will vary 
depending on its size and complexity and since time overlap is probable, 
the time values shown in the table are not to be construed to be ab-
solute or indicative of absolute; but rather the time figures are in 
the form of relative indices. Nor should a high time index necessarily 
be interpreted to indicate an area of high importance. The most critical 
area is the formulation and review of system objectives and information 
needs. This area is basic to the sound construction of the system and 
is most difficult for the system manager to control, yet, when properly 
executed, this area absorbs relatively little time. 
103. 
Area Index 
Formulation of system objectives and 
information needs 5 
Formulation of system definition and 
preliminary analysis of input, output, 
and processing requirements 10 
The first review 1 
Structuring the system 20 
The second review 2 
Constructing the system - the master 
plan 50 
Run analysis 6 
Run logic charting 6 
Run detail charting 6 
Run coding 6 
Run pretesting 4 
Run testing 6 
Area checkout 5 
Conversion of reference files 6 
Final documentation 2 
System checkout 1 
Parallel run 1 
System changeover 1 
Education, training, and indoctrination 12 
(1) Action responsibility key: M - top management 
S - system manager 
Action 
Resp. ( 1) 
M 
s 
M&S 
s 
M&S 
s 
p 
p 
p 
p 
p 
p 
s & p 
p 
p 
s & p 
s & p 
s & p 
s 
P - programmer-analyst staff 
Text 
Page 
53 
53 
57 
59 
83 
70 - 85 
72 
72 
75 
75 
78 
78 
8o 
so 
81 
82 
82 
83 
84 & 89 
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